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Introduction 


This technical memorandum (TM) is a supplement to the Hydraulic Analysis Technical 
Memorandum (HATM) prepared by HDR Engineering, Inc., dated June 15, 2001. The TM 
discussed the Upper Penitencia Creek (UPC) flood control bypass project. Topics discussed in 
the previous TM have been summarized here, when necessary, for continuity, but other 
references will have to be made directly from the HATM. Specific topics to this TM include: 

1. Review of Updated Hydrology for the Design Flows 

2. Hydraulic Model of Coyote Creek with Design Flows 

3. New UPC HEC-RAS model to 500 ft upstream of the bypass diversion location 

4. HEC-RAS model of the proposed bypass including a diversion feature from UPC 

5. Three alternative project configurations and model runs of 3 flood frequencies. 

6. Presentation of model and one-percent flood profile of final design configuration. 

Following the Santa Clara Valley Water District’s (SCVWD) review of the previous TM, 
additional information is provided here reflecting new recommendations for specific features of 
the bypass system, as requested by SCVWD. This supplement concludes with new 
recommendations for the design of the diversion feature and a modification to the outlet. 

Project Purpose and Scope 

The purpose of this project is to begin the construction of a plan to reduce flood damage to the 
developments in the Upper Penitencia Creek watershed, particularly the lower developed region 
of the watershed. The level of protection to be provided is up to the 1% or 100-year storm. In 
1990, the National Resource Conservation Service (NRCS), formerly the Soil Conservation 
Service (SCS), conducted and produced a watershed plan. The plan partitioned the lower 
urbanized floodplain into eight reaches. The rural upper most watershed was left out of the plan. 
This supplement and the initial HATM addresses the flood protection of the design and 
construction of the first of the eight reaches, reach one in the plan. Reach one is bordered by the 
confluence with Coyote Creek to about 1,000 feet upstream of King Road, approximately 2,500 
feet of channel. 
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Project Description 

The reach project entails the construction of a flow split structure starting about 200 feet 
upstream of Kin g Road, which will spill flows in excess of the natural channel’s capacity into a 
proposed concrete bypass channel. The bypass channel will extend 2,500 feet southwest from 
the flow split structure to Coyote Creek. Split flows will drain into Coyote Creek approximately 
1,200 feet upstream from the natural channel confluence. 

See Figure 1, attached vicinity and project map. 

Background 

Located in San Jose, California, UPC is a subwatershed to the Coyote Creek Watershed and is 
managed by the Santa Clara Valley Water District (SCVWD), directly managed by the Coyote 
Creek Watershed Program. The watershed is approximately 24 square miles with headwaters at 
Poverty Ridge in the mountains east of the city of San Jose and terminating at Coyote Creek, an 
elevation change from approximately 3,100 feet elevation down to 65 feet elevation at the 
confluence with Coyote Creek. The UPC watershed can be defined by two subbasins, the upper 
undeveloped subbasin and lower developed subbasin. The upper watershed is 21.5 square miles 
and is characterized as rugged terrain with steep slopes and is sparsely populated. The lower 
watershed is 2.5 square miles and starts around Dorel Drive at 250 feet elevation. This region is 
heavily populated and well developed. The land use transitioned from agriculture to urban uses, 
most of it occurring in the last 30 years. 

The climate can be defined as Mediterranean with hot dry summers and cool winters. 
Temperatures range from the 100’s (in °F) in the lower watershed during the summers down to 
the 20’s in the winter in the upper watershed. Average rainfall is 14 inches in the lower 
watershed and 18 inches in the upper watershed. Stream flow in the upper watershed can be 
described as intermittent with streams drying up during the summer months. The lower creek 
typically has flow in it all year, although some years of data show completely dry conditions. 
SCVWD diverts water off the main stream to feed water into percolation ponds. There are three 
percolation ponds along UPC between Dorel Drive and Coyote Creek. 
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1.0 Updated Hydrologic 
Analysis For The Design 
Flows 

RECORDED STREAM DATA 

The following recorded stream data was collected from the SCVWD and the United States 
Geologic Survey (USGS) website. The stream gage at Dorel Drive was managed by USGS from 
water year 1943 to 1992. From 10/1/87, SCVWD has assumed management of the data. Low 
flow data less than 300 cfs after 1992 is not assumed to be entirely accurate. From that year, Fish 
and Game Regulations had set limits to sediment removal practices in the stream, thus the water 
district was not allowed to remove sediment that would interfere with accurate flow readings less 
than 300 cfs. Higher flow events are still assumed to be as accurate as pre-1992 recordings. A 
second gage was located at Piedmont Road, downstream of the Dorel Road Station. The data 
was obtained from SCVWD. See Figure 1.1 and 1.2 for monthly and average annual streamflow. 

USGS Data 

Gage Reference Information: 

Duration of Data: Water Year 1961 to 1987 
Santa Clara County, California 
Hydrologic Unit Code 18050003 

Latitude 37°23'43", Longitude 121°49'38" NAD27 (Dorel Drive) 

Drainage area 21.50 square miles 

Gage datum 265.30 feet above sea level NGVD29 

Daily average flow: 6.25 cfs 
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* Missing Data for Water Year 1948, and 1962-1965 

Figure 1.1: Monthly Average Flows Water Year 1962 to 1987 



Figure 1.2: USGS Recorded Annual Average Streamflow at Dorel Drive 
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WATERSHED MODEL 

The UPC watershed was modeled utilizing the Army Corps of Engineers (COE) HEC- 
Hydrologic Modeling System software version 2.0. The model determined the precipitation- 
runoff relationship of the watershed for the existing and proposed conditions. See Table 1.1. The 
input files and boundary conditions were obtained from COE, San Francisco District (COESF). 
The model was used to determine the runoff characteristics and timing of flows for the 2-yr, 10- 
yr, 50-yr, 100-yr, and 500-yr events for both existing and future conditions. Coefficients were 
obtained from the report by COESF, dated January 2001, “UPC Hydrologic Engineering Office 
Report.” The runoff hydrographs were used to determine performance hydrographs of the flow 
split structure in which duration and magnitude of the flow split structure were obtained. 

Precipitation 

Precipitation data was obtained from COESFD, which consisted of the 24-hour rainfall event. 
The model was based on data collected at the Lick Observatory on Mt. Hamilton. The lower 
subbasin precipitation data was collected at the National Weather Service Station in San Jose. 
The rainfall data was then statistically analyzed to reflect each respective exceedence probability 
event. 


Table 1.1: 24-Hour Cumulative Precipitation for Upper and Lower Watershed Subbasin 


10-Yr 

50-Yr 

100-Yr 

500-Yr 

Upper Watershed 

3.11 inches 

4.20 inches 

4.64 inches 

5.75 inches 

Lower Watershed 

2.77 inches 

3.74 inches 

4.12 inches 

5.13 inches 


Watershed Subbasin Characteristics 

The 24 square miles of UPC watershed was broken into two subbasins, the upper watershed and 
lower watershed. The upper watershed is 21.5 square miles of rural, undeveloped land with 
mountainous terrain. The elevation ranges from 3,300 feet elevation at Poverty Ridge down to 
50 feet elevation at the confluence with Coyote Creek. The average annual precipitation at 
Poverty Ridge is 14 inches. There are two major drainage reaches in the upper watershed, UPC 
and Ajnroyo Auguague, with the latter being the major drainage arm. The topography is steep and 
rugged. The upper and lower watershed is separated around Dorel Drive. The lower watershed 
is 3.5 square miles, well developed and relatively flat when compared to the upper watershed. 

The lower boundary is the confluence with Coyote Creek. Subbasin hydrologic characteristics 
were obtained from the Hydrologic Office Report, which are summarized in the following Tables 
1.2 through 1.6. 
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Table 1.2: Rainfall Loss Rates 

10-Yr 50-Yr 100-Yr 500-Yr 

Initial Loss _ 0.25 inches _ 0.20 inches _ 0,18 inches _ 0.16 inches 

Constant Loss 0.15 in/hr 0.10 in/hr 0.08 in/hr 0.06 in/hr 


Table 1.3: Baseflow Rates 


10-Yr 

50-Yr 

100-Yr 

500-Yr 

Base Flow 

4 cfs/sq mi 

5 cfs/sq mi 

6 cfs/sq mi 

9 cfs/sq mi 


Table 1.4: Baseflow Discharge 


10-Yr 50-Yr 100-Yr 

500-Yr 

Initial Discharge 

4 cfs/sq. mi. 5 cfs/sq. mi. 6 cfs/sq. mi. 

9 cfs/sq. mi. 


Table 1.5: Baseflow Parameters 

Baseflow Method 

Recession Constant Threshold Discharge 

Constant 

Threshold Unit 
Method 

Recession 

1 0.01 

RatiorPeak 


Table 1.6: Muskingham Routing Parameters 


Project Conditions 

Post-Project Conditions 

Travel Time, K 

0.56 hours 

0.49 hours 

Routing coefficient, X 

0.20 

0.40 

Computation Interval 

30 minutes 

15 minutes 

Number of Routing Steps 

1 

2 


The following results reflect those that were reported in the COE, San Francisco Hydrologic 
Office Report. The runoff totals are slightly higher for the 100-year event at 4,990 cfs, 250 cfs y 
more than the design storm. However, the purpose of the analysis conducted here were to obtain 
a runoff hydrographs for particular events and understand the duration of operation of the 
proposed project. See Table 1.7 for runoff magnitudes. Duration times will be discussed in 
section 4 and shown in Table 4.3. 
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Table 1.7: Future Conditions Hydrologic Results 


Event 

10-Year 

50-Year 

100-Year 

500-Year 

Peak Runoff From 

Watershed Above Dorel 
Drive 

1,980 cfs 

* 

3,910 cfs 

3SS® 

4,600 cfs 

4 & 50 ' ^ 

6,100 cfs 

Peak Runoff From 

Watershed Below Dorel 
Drive 

580 cfs 

880 cfs 

1,070 cfs 

1,390 cfs 

Combined Peak Watershed 

2,110 cfs 

4,210 cfs 

4,990 cfs 

6,650 cfs 


Discharge 


Figure 1.3 was obtained from the COE UPC Hydrologic Office Report and shows the discharge- 
exceedance probability chart for UPC. 


p:\10841\001\reports\final\10841001.008M0841001.008.doc 
8/27/01 


12 


Santa Clara Valley Water District 
Upper Penitencia Creek Bypass Project 






Technical Memorandum 2.0 
HDR Engineering, Inc. 



EXHIBIT J (CONTD) 


Figure 1.3: Exceedence Discharge Probability Curve, USACE, 2001 
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2.0 Hydraulic Model of 
Coyote Creek 


The Coyote Creek hydraulic conditions were modeled in the vicinity of the bypass outlet. In 
order to determine the best design for the bypass outlet, it was necessary to determine the 
downstream flow conditions of the bypass channel, which would be Coyote Creek. The bypass 
outlet had to be designed to that Coyote Creek would not impede proper drainage of the proposed 
bypass channel. The downstream flow conditions components to be understood are the water 
surface elevations and flow velocities. It was assumed that pre and post project conditions in 
Coyote Creek will not change. However, this assumption may not be entirely accurate because 
as more flood protection is provided to more subwatersheds to the Coyote Creek watershed, the 
creek channel itself will likely change due to the changes to flow frequency and magnitude. The 
extent of these changes is not known. 

Model Criteria 

The Army Corps of Engineers (COE) HEC-River Analysis System (RAS) software version 3.0 
was utilized to create water surface profiles and velocities. Cross sections were obtained from 
AutoCAD topographical maps provided to HDR by SCVWD. The flow frequency magnitude, 
channel invert, and downstream water surface boundary conditions were obtained from the 1986 
Santa Clara County Flood Insurance Study (FIS) conducted by the Federal Emergency 
Management Agency. 

The FIS did not list the event-discharge relationship at the confluence of UPC and Coyote Creek. 
The closest listing was Coyote Creek at Silver Creek, approximately 5,000 feet upstream of the 
confluence of UPC at Coyote Creek. No other major drainages exist between the Silver Creek 
and UPC confluences. It is assumed that these flow conditions are accurate at the confluence 
with the proposed bypass. 



Table 2.1: Peak Design Flow Discharges at Coyote Creek 

Event 

Coyote Creek 
Confluence with 

Silver Creek 

Bypass Channel @ 
Confluence with 
Coyote Creek 

Upper Penitencia 
Creek @ Confluence 
with Coyote Creek 

10-Year 

6,200 cfs 

2,070 cfs 

250 cfs 

50-Year 

10,300 cfs 

3,530 cfs 

490 cfs 

100-Year 

12,500 cfs 

4,140 cfs 

600 cfs 

500-Year 

15,000 cfs 

5,360 cfs 

930 cfs 


l 




p:\10841\001\reports\final\10841001.008\10841001.008.doc 

8/27/01 


14 


Santa Clara Valley Water District 
Upper Penltencia Creek Bypass Project 






Technical Memorandum 2,0 
HDR Engineering, Inc. 


The segment of Coyote Creek that was modeled included 300 feet upstream and 450 feet 
downstream of the proposed bypass outlet, at 50-foot cross-sectional increments. In the 750-foot 
river segment evaluated, the left and right banks vary in elevation, with the difference in 
elevation being between 6 to 11 feet. The model results reflect the hypothetical condition where 
vertical walls exist at the left and right extent of the overbank, thus flow that exceeds the main 
channel remains trapped over the overbanks by vertical walls. The Manning’s n range used were 
0.036 to 0.057 for the channel and 0.04 to 0.114 for the overbank. The two scenarios examined 
were the highest n values and lowest n values of the given range. For the results of the hydraulic 
properties at the cross section of the proposed bypass outlet, see Table 2.2, Figure 2.1a and 
Figure 2.1b for upper end Manning’s results. See Table 2.3, Figure 2.3a, and Figure 2.3b for 
lower end Manning’s results. 


Table 2.2: Hydraulic Properties for Coyote Creek at Proposed Bypass Outlet 
Upper End Manning’s Range: Channel n = 0.057, Overbank n=0.114 


Frequency 

10-Year 

50-Year 

100-Year 

500-Year 

Discharge 

6,200 cfs 

10,300 cfs 

12,500 cfs 

15,000 cfs 

Velocity 

5.28 ft/s 

6.54 ft/s 

7.18 ft/s 

7.82 ft/s 

Water Surface 
Elevation 

72.88 ft 

76.66 ft 

78.16 ft 

79.71 ft 

Depth* 

16.98 ft 

20.76 ft 

22.26 ft 

23.81 ft 


* Invert elevation at 55.9 ft 
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Coyota Creek At Bypass Outlet Plan: Plan 07 


Main Channel Dbtanco (R) 

Figure 2.1a: Water Surface Profile for Coyote Creek Upper End Manning’s n: Channel 
n=0.057 and Overbank n=0.114 


Coyote Creek At Bypass Outlet Plan: Plan 09 

River = Coyote Creek Reach = one RS = 400 


Station (ft) 

Figure 2.1b: Cross Section for Coyote Creek Upper End Manning’s n: Channel n=0.057 

and Overbank n=0.114 
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Table 2.3: Hydraulic Properties for Coyote Creek at Proposed Bypass Outlet 


Lower End Manning’s Range: Channel n = 0.036, Overbank n=0.040 


Frequency 

10-Year 

50-Year 

100-Year 

500-Year 

Discharge 

6,200 cfs 

10,300 cfs 

12,500 cfs 

15,000 cfs 

Velocity 

5.58 ft/s 

6.94 ft/s 

7.62 ft/s 

8.33 ft/s 

Water Surface 
Elevation 

71.85 ft 

75.22 ft 

76.49 ft 

77.73 ft 

Depth* 

15.95 ft 

19.32 ft 

20.59 ft 

21.83 ft 


* Invert elevation at 55.9 ft 



Main Channel Distance (ft) 

Figure 2.3a: Water Surface Profile for channel n=0.036 and Overbank n=0.040 
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Coyote Creek At Bypass Outlet Plan: Plan 08 
River = Coyote Creek Reach = one RS = 400 



Figure 2.2b: Cross Section for Coyote Creek, Channel n=0.036 and Overbank n=0.040 


Table 2.3: Time of Discharge 

Peak at Coyote Creek* 

Event 

Time to Peak 

10-Year 

17.75 hrs 

50-Year 

17.75hrs 

100-Year 

17.75 hrs 

500-Year 

18.00 hrs 


* 1990 Coyote Creek Runoff Hydrograph. See Appendix. 


Model results show that flow over tops the left bank of Coyote Creek, (facing downstream) as 
early as the 10-Year event. Additional flows from the bypass channel and UPC would be 
flowing into a channel already at or above capacity. Floo d protection should be provided to 
Coyote Creek to minimize adverse affects to properties adjacent to Coyote Creek. 

The timing of the peak discharge between UPC and Coyote Creek are not simultaneous. In the 
1990 NRCS report, a runoff hydro graph of the 100-year event of Coyote Creek and UPC shows 
the following peak times. See Table 2.4 for runoff discharge and timing. 
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Table 2.4: 100-Year Peak Discharge and Timing Between Coyote Creek and UPC 

Existing Pre-Project Condition 

Future Post-Project Condition 

Peak Flow 

Time to Peak 

Peak Flow 

Time to Peak 

UPC 2,600 cfs 

15 hours 

4,400 cfs 

4 hours 

Coyote Creek 12,600 cfs 

50 hours 

14,400 cfs 

50 hours 

Combined Peak 6,200 cfs* 

17 hours 

7,500 cfs* 

16 hours 


* The combined peak is the highest flow experienced in Coyote Creek as a result from UPC’s 
influence. 


Under project conditions, UPC reaches it’s peak flow at King Road for the 1% flood 
approximately 48 hours before Coyote Creek does (USACE, 1995), therefore, the diverted flows 
will not increase the peak 1% flood elevations in Coyote Creek. The timing of Coyote Creek’s 
flow is such that when peak flows from UPC reach Coyote Creek, the flow is approximately the 
30-year level of 72-feet elevation. The addition of UPC discharge to Coyote Creek would raise 
water surface elevation over the 50-year level. When the peak flows from Upper Penitencia 
Creek reach Coyote Creek, the flow in Coyote Creek is approximately the 30-year storm level or 
at elevation of 72 feet (Firth, 2001). At the bypass location, the top of the right bank of Coyote 
Creek is at elevation 83 feet, while the top of left bank is at elevation 76 feet, resulting in a 7-foot 
elevation difference between the left bank and right bank. When the bypass is flowing at design 
capacity, Coyote Creek water surface is at elevation 72 feet. 

Model results indicate the influence of the bypass at the design flow capacity raises the water 
surface in Coyote Creek to bankfull without freeboard. In both the upper and lower Manning’s 
values, the difference between the 10-year and 50-year is 4,11 Of/cfs, which is the approximately 
the magnitude of discharge from the proposed bypass. 

Without the bypass channel, Coyote Creek would experience this flow 1,200 feet downstream, at 
the natural confluence. The cross section conditions there were not investigated. 
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3.0 UPC Hydraulic Model 

REVIEW OF EXISTING CONDITIONS 
DESCRIBED FROM HATM 

The existing channel capacity, as reported in the COESF January 2001 report, was re-evaluated 
utilizing the HEC RAS files received from USACE. Based upon this re-evaluation, the capacity 
was found to be less than what was initially reported. 

The channel conditions in the model show generally incised channels. Roughness coefficients 
were obtained from the report as 0.05 for the main channel and 0.04 for the overbank conditions. 
The majority of the existing channel is incised with a few cross sections showing non-engineered 
levees or berms built up on the banks. These built up banks were not considered to be acceptable 
barriers to flooding. Thus, they were not considered when determining the existing channel 
capacity. 

One criterion for determining the maximum UPC channel capacity was insuring freeboard 
requirements of the Santa Clara Valley Water District (SCVWD), the Federal Emergency 
Management Agency (FEMA), and USACE were met. SCVWD standards require at least 3.5 
feet of freeboard for leveed sections, 4 feet within 100 feet of bridges or other constrictions, or 
two-tenths of the specific energy, whichever is greater. For water surfaces below the natural 
ground, freeboard allowance shall be 1-foot or two-tenths of the total energy. FEMA has a 14- 
foot less condition for leveed sections and the same requirement for bridges and other 
constrictions. USACE generally designs for a 90% reliability result for a Risk and Uncertainty 
(R&U) analysis in determining channel capacity. This means that there is 90% confidence that 
the flow will not cause flooding. The channel was evaluated as an incised channel. For sections 
that had built up banks, the top of bank was estimated by extrapolating the elevation of the 
existing ground outside of the berm, drawing an imaginary line through the berm, to the 
intersecting elevation of the channel bank. The bridge piers and decks were made wider and the 
channel “n” value was increased to 0.05 to simulate floating debris, as is commonly found during 
flood stages. 

Model Criteria of Additional Analysis of Existing 
Conditions 

The HEC-RAS model was used to model the existing and proposed conditions of UPC for the 
flow split system. The existing conditions were modified to characterize the proposed changes to 
the design reach topography. The flow events modeled were as follows: 2-year, maximum 
downstream channel capacity, 10-year, 25-year, 50-year, 100-year, and 500-year flow events. 
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A sensitivity analysis was carried out for the Manning’s roughness coefficients, “n”, for the 
existing conditions, interim project performance, and buildout projection. Manning’s values 
range from 0.03 to 0.70 for in-stream conditions and 0.40 to 0.80 for overbank conditions. Most 
stream conditions warrant higher Manning’s values for the overbank than in the natural channel. 
However, in the case for UPC, the overbank areas have been partially or fully developed. Many 
of the overbanks border sidewalks or parks with pavement or grass. The trees exist mainly along 
the slopes of the banks between the top of banks and the channel proper, which the roughness has 
been accounted for in the in-channel roughness coefficient. Most of the channel is incised with 
only a few built up levees. 


Table 3.1: Channel Capacity With Various Manning’s n Values 


Manning’s 

n 


Flow Property 


In - Channel 

Overbank 

Discharge 

Capacity 

Velocity at 
King Road 
With Bridge 

Velocity at King 
Road Without 
Bridge 

0.03 

0.02 

875 

5.93 

6.15 

0.04 

0.03 

850 

5.04 

5.45 

0.05 

0.04 

600 

4.11 

4.31 

0.06 

0.05 

500 

3.49 

3.65 

0.07 

0.06 

450 

3.05 

3.21 


The model results were evaluated by COESF Hydraulics and Hydrology section and an R&U 
analysis was conducted. With a Manning’s n=0.05 for in-channel and 0.04 for overbank, the 
maximum capacity of the existing channel below King Road was determined to be 600 cfs with 
95% confidence and an average flow velocity of 4.9 ft/s along the proposed flow split location. 
The 600 cfs corresponds to the 2.8-year event. See the HATM appendix for HEC-RAS results 
and cross sections from this analysis. The 600cfs capacity is due to a channel constriction 
approximately 450ft downstream of King Road. Beyond that location, the channel capacity 
increases to at least 750cfs. See Table 3.1 for model results for various Manning’s values. 

Pre-Project Versus Post Project Conditions 

In the existing condition, upstream reach of UPC does not have the capacity to deliver the 100- 
year design flow to 4,740 cfs to the King Road project site. A recent study by COESF on the 
channel and overbank shows 2,000 cfs reaches the upstream Mabuiy Road crossing. 2,000 cfs 
corresponds to the 8% or 12.5-year event. 
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Under existing conditions, most of the flow is lost at highway 680 approximately 1 mile 
upstream of King Road. The majority of the lost flow leaves the UPC floodplain and eventually 
drains into Coyote Creek to the north, while a portion of the flow that breechs the channel flows 
down Berryessa Road parallel to UPC. Approximately 2,000 cfs flows past highway 680, 
distributed between the natural channel and the bypass. This is distributed between the natural 
channel and existing bypass channels, through Jackson Avenue Bridge and the two Mabury Road 
crossings. 

See Figure 3.1 for 100-year floodplain map 



Figure 3.2: Flooding from UPC at Berryessa Road, 2-3-98 (Coursety of SCVWD O&M) 

400 cfs passes through the upstream Mabury Road crossing while the remaining 1,600 cfs is 
diverted into the bypass. At the second Mabury Road channel crossing, the low flow channel re¬ 
joins the bypass channel flow, ft is also there that flow is breeched along the southwest bank 
between the Mabury Road and the King Road Bridge and flows overland into Coyote Creek. It is 
also at King Road that the flow that breeched the channel at highway 680 re-joins flows that have 
breeched the channel at King Road and flows overland into Coyote Creek along the Berryessa 
Road corridor. Of the 2,740 cfs that is lost from UPC at highway 680, the magnitude of flow that 
flows overland down the Berryessa Road corridor is not known. See table 3.1 for flow 
distribution. 
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Figure 3.1: 100- year Project Area and Vicinity Flood Plain Map (SCS, 1990) 
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Table 3.2: Pre-Project Peak Frequency Discharges from UPC into Coyote Creek 


Event 

Theoretical Flow 
Magnitude At 
King Road 

Flow Lost to 

the 

Floodplain 

Existing Condition 
Flow Delivered to 
King Road 

Flow Capacity 
Downstream of 
King Road 

10-Year 

2,320 cfs 

3,580 cfs 

1,700 cfs 

600 cfs 

50-Year 

4,020 cfs 

2,020 cfs 

2,000 cfs 

600 cfs 

100-Year 

4,740 cfs 

2,740 cfs 

2,000 cfs 

600 cfs 

500-Year 

6,260 cfs 

4,260 cfs 

2,000 cfs 

600 cfs 


The following Figures, 3.3 and 3.4, illustrate the ruoff hydrographs for UPC. Three conditions 
have been presented, the existing, the interim project, and future project. The existing conditions 
refers to conditions as is today. The interim project refers to the current proposed project that 
this TM address. The future project reflects conditions after the entire lower UPC watershed has 
been provided with 100-year flood protection. After the lower UPC watershed has been provided 
with 100-year flood protection then the project will experience the entire 4,740 cfs. In the 
interim, 2,000 cfs will reach the project site with 2,740 cfs being lost to flooding overland. The 
project will be designed to provide protection for the future conditions of 4,740 cfs and the 
interim condition of 2,000 cfs. 

UPC Existing Conditon Watershed Runoff Hydrograph 
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Figure 3.3: Existing Condition Performance Hydrograph 
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UPC Future Conditon Post-Future Project Lower Watershed 

Runoff Hydrograph 



Date/Time 

Figure 3.4: Future Post-Project Performance Hydrograph 

Effect of the Existing King Road Bridge to Future 
Conditions 

The King Road Bridge is planned to be reconstructed. The following analysis was to determine 
if modeling with the King Road Bridge absent would change the flow characteristics in the 
vicinity of the bridge. Should the King Road Bridge be re-designed to remain completely out of 
the channel, it could change the flow characteristics previously modeled. 

The future performance of a flood control structure should reflect conditions where a newly 
designed bridge would not influence the performance of the proposed flow split structure nor 
cause drastic changes to the existing flow characteristics of the channel. Flow would be affected 
when the water surface exceeds the low chord or lowest elevation of the bridge. This condition is 
known as pressure flow. Table 3.3 shows the results of the various flow conditions at King Road 
under various Manning’s values. The existing King Road Bridge has a low chord of 89.2 feet 
elevation. An analysis was conducted to investigate the relationship between the low chord of 
the bridge and the point in which pressure flow occurs under various Manning’s values. 
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Table 3.3: Maximum Flow at The King Road Bridge Without Pressure Flow* 

Manning’s n: In-Channel / 
Overbank 

Maximum Flow 

Velocity 

0.30/0.02 

725 cfs 

5.81 

0.40/0.03 

600 cfs 

4.83 

0.50/0.04 

525 cfs 

4.04 

0.60/0.05 

450 cfs 

3.46 

0.70/0,06 

375 cfs 

3.02 


*Low chord elevation of the King Road Bridge is 89.2ft elevation. 


It was found that a 0.01 incrase in n resulted in approximately 75 cfs decrease in flow capacity 
before pressure flow under King Road occurred. For the recommended n=0.05 Manning’s 
condition, which was used to determine the maximum channel capacity of 600 cfs, the water 
surface elevation at the upstream face of the King Road Bridge was 89.87 feet. Without the 
bridge, the water surface elevation would be 0.2 ft higher 

Model results reveal that the existing King Road Bridge begins pressure flow at 550 cfs. With 
the maximum capacity of the channel downstream of King Road at 600 cfs, it was found that the 
King Road Bridge has little effect to water surface elevations. 
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4.0 HEC-RAS Model of 
the Proposed Bypass 
Including A Diversion 
Feature From UPC 


The proposed bypass would be a box culvert with a design capacity to carry the 100-year event 
overflow of the natural channel. The alignment would be located between the proposed Upper 
Penitencia Creek diversion, approximately 170 feet upstream of King Road, under King Road, 
aligned along the Aetna and Salimoni property line (the bypass will be on the Salimoni property 
south of the property line), under the Union Pacific Railroad tracks, along the south Flea Market 
fence, and intersect Coyote Creek approximately 1,200 feet upstream of the natural confluence 
with Upper Penitencia Creek. 

The location of the proposed flow split and diversion is where the existing bypass upstream of 
King Road terminates. In the interim condition, the capacity of the natural channel is 400 cfs, the 
existing bypass is upstream of King Road is 1,600 cfs, and the downstream reach of the natural 
channel below King Road is 600 cfs. Without in-channel or levee improvements, the natural 
channel capacities are not expected to change but in the future condition the bypass will be 
improved to handle the 100-year event of 4,140 cfs. 

PROPOSED BYPASS FEATURES 

The bypass channel proposed in HDR’s initial hydraulic analysis discussed two different 
alternatives for the bypass channel design. Both designs call for a channel with a cover. The 
option to. have an open top bypass channel was abandoned. The property value of the proposed 
bypass alignment is very expensive, thus S CVWD negotiate d an agreement with the landowners 
to allow the construction of the bypass channel as long as the channel was covered. 

Review of topics covered in the HATM: 

• The two designs analyzed for the bypass channel were a single box culvert and a double 
box culvert. 

• The single box dimensions call for an inside span of 28ft wide and 14-foot depth at a 
slope of 0.15%. 

• The double box called for two box culverts, each with inside dimensions of 13.5ft span 
by 14ft depth at a slope of 0.3%. 
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• The single box offers more hydraulic advantages than the double box (covered in the next 
subsection). 

• The single box is less likely to be obstructed from large debris if it would be washed into 
the bypass channel. 

• Maintenance of a single box would be less labor intensive because there would be a 
single larger chamber to work in as oppose to two smaller chambers. 

• The construction costs are $2,900/L.F. for the double box and $3,400/L.F. for the single 
box. 

See Table 4.1 for split flow values and figure 4.1 for water surface profiles of the single box 
culvert. Table 4.2 presents the hydraulic performance for the 100-year event. See the appendix 
for the hydraulic performance for the 5-year, 10-year, 50-year, and 500-year events. 



Single Box Culvert Bypass 



Figure 4.1: Bypass Design Options 


Bypass Model Results 

The bypass model results suggest the single box is a better hydraulic design than the double box. 
A summary of the results are presented below. 

• A single box will have less flow resistance than the double box since the water to surface 
area contact is decreased due to the absence of the centerwall that would be present in the 
double box. 
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• With a more efficient passage of flow, the single box has a milder slope thus increasing 
the drop elevation at the outlet. Increased drop at the outlet is necessary for energy 
dissipation of flow before merging channels with Coyote Creek. 

• While both channels were designed to pass the 100-year event, with the increased 
efficiency of the single box over the double box, the single box allows the 100-year event 
energy line to be inside the top of box while the double box just keeps 100-year profile 
inside the box. In addition, the single box can also pass the 500-year event with the water 
surface just inside the top of box. 

• See Table 4.1 for various Manning’s values and effects to hydraulic conditions. 


Table 4.1: Hydraulic Performance of the Single Box and Double Box for the 100-Year Event 


Manning’s 

“n” 


Single Box 


Double Box 

Velocity 

Depth 

Specific 

Energy 

Froude 

Number 

Velocity 

Depth 

Specific 

Energy 

Froude 

Number 

0.010 

16.79 

16.79 

13.33 

0.99 

16.74 

9.17 

13.52 

0.99 

0.012 

15.30 

9.82 

13.45 

0.87 

16.23 

9.44 

13.54 

0.93 

0.014 

14.02 

10.70 

13.75 

0.76 

13.76 

10.40 

14.71 

0.80 

0.016 

13.15 

11.41 

14.09 

0.69 

13.46 

11.41 

14.18 

0.70 

0.018 

12.48 

12.02 

14.44 

0.64 

12.50 

12.29 

14.64 

0.64 

0.020 

11.92 

12.59 

14.80 

0.60 

11.81 

12.96 

15.03 

0.59 


BYPASS OUTLET 

As discussed in the HATM, the byass channel outlet consists of an energy dissipation device in 
the form of a drop structure. The outlet was initially aligned to 12-degrees between Coyote 
Creek and the bypass outlet. This alignment has been realigned to 45-degrees. The details are 
explained in section 5. 

DIVERSION FEATURE FROM UPC 

The purpose of the flow split structure would be divert all flows in excess of the downstream 
capacity of the channel below King Road. The structure would also ideally be non-operational 
and blend in well with the natural aesthetics of the existing creek conditions. The entire lower 
watershed section is recognized as a steelhead migration corridor where adult steelhead utilize 
the upper watershed as their spawning ground. Thus, the flow split structure should not 
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jeopardize their migration pathway and minimize change in the natural channel. The flow split 
structure should not introduce any additional migration stress to the fish than under existing. 

FLOW CONSIDERATIONS FOR THE FLOW 
SPLIT STRUCTURE 

Steelhead Protection Measures 

The National Marine Fisheries Service (NMFS) has recognized UPC as one of the last remaining 
steelhead spawning streams in the Coyote Creek watershed, thus must be protected. NMFS has 
determined that flows less than the 2-year flow should remain undisturbed. The 2-year flow is 
what determines the physical characteristics of a stream. This flow establishes the pool-riffle 
interval, the majority of the sediment size and distribution, the sinuosity, and other physical 
features. For UPC, the 2-year flow is 400 cfs. 

Flow Split Operation Conditions 

The operational conditions placed on the flow split structure make the reliability of the 
performance difficult to assess. The structure must not begin operation until 400 cfs is exceeded 
and, under post project conditions, not allow any flow in excess of 600 cfs to pass King Road 
under the 100-year design flow. For the interim condition, 1,400 cfs must be diverted off 
channel while for the future condition, 4,140 cfs must be diverted. See Table 4.2 for flow split 
conditions. 


Table 4.2: Flow Split Quantities For Capacity and 100-Year Event 


Pre-Project Flow 
Capacity 
(Existing 
Conditions) 


Post Project 100- 
Year Event 
(Future Build 
Out Conditions) 


Before Flow Split- 
Combined Natural 
Channel and 
Bypass Channel 


2,000 cfs 


After Flow Split- 
Natural Channel 
Only 


600 cfs 


Diverted into 
Bypass 


% Of Flow 
Diverted 
into Bypass 


1,400 cfs 


4,740 cfs 


600 cfs 


4,140 cfs 
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Channel Capacity & Hydrologic Performance 
Duration 

The upper watershed does not have any current flood control devices, thus runoff behavior is a 
direct function of precipitation intensity. The following runoff data was based on the 24-hour 
precipitation event. The runoff characteristics of the upper and lower subbasins were modeled 
using the unit hydrograph (UH) theoiy. The UH theory assumes that runoff characteristics is 
particular to a specified rainfall event and does not change as long as the duration of the rainfall 
does not change. For this particular model, the precipitation event was a 24-hour event. Each of 
the frequency storms, the 2-year, 10-year, 50-year, 100-year, and 500-year events had subsequent 
increases in rainfall intensity but not duration. The runoff characteristic only changes if the 
precipitation duration changes. Although the 100-year event peak flow for the channel above 
King Road differs between the existing and future conditions, the runoff duration is the same. 

See Table 4.3. 


Table 4.3: Split Flow Discharge Durations for the 100-year Event 


Event 

Time to Peak 

Runoff 
Duration 
Above 400 cfs 

Time to 
Exceed 400 cfs 

Runoff 
Duration 
Above 600 
cfs 

Time to 
Exceed 600 
cfs 

10-Year 

17.75 hrs 

17.25 hrs 

10.5 hrs 

16.50 hrs 

14.25 hrs 

50-Year 

17.75hrs 

27.5 hrs 

8.5 hrs 

23.5 hrs 

9 hrs 

100-Year 

17.75 hrs 

28.5 hrs 

7.75 hrs 

24 hrs 

8.5 hrs 

500-Year 

18.00 hrs 

34.75 hrs 

5.75 hrs 

28.25 hrs 

7.5 hrs 
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5.0 Alternative Project 
Configurations and Model 
Runs of Flood 
Frequencies 


The bypass system is composed of three specific sections, the inlet, bypass channel, and the 
outlet. Each section will be discussed in further detail. The design flow for the bypass system is 
for the future 1% flow event of 4,740 cfs. As discussed previously, the existing system can only 
deliver 2,000 cfs. The flows to be used for the analysis of the bypass system are as follows: 
minimum flow condition (2-year event for steelhead), the maximum capacity of UPC 
downstream of King Road, the existing maximum flow that the channel upstream of King Road 
can deliver, and the following events: 10-year, 25-year, 100-year, and 500-year. 

Both existing and future condition were evaluated in order to determine the performance of the 
bypass system in the interim and future conditions. See the appendix for the HEC-RAS analysis 
output table results. 

Since it was already determined that the removal of the King Road Bridge had negligible effects 
to the water surface elevation, the following models were performed without the King Road 
Bridge. 

FLOW SPLIT STRUCTURE 

The flow split structure was designed to meet several criteria set forth by the hydraulic conditions 
and the desires of SCVWD. 

1) Accurately and predictably perform the split flow for the interim and future flood 
condition. 

2) The flow split structure should be non-operational and passive. 

3) Minimize long-term operation and maintenance costs while minimizing capital costs. 

4) Begin diversion at the minimum 2-year flow of 400 cfs while not allowing more than the 
maximum capacity of the downstream channel of 600 cfs at the design 100-year flow 
conditions. 

5) Minimize disturbance to the stream riparian aquatic (SRA) habitat and minimize 
disturbance to existing steelhead migration conditions. 
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6) Be aesthetically pleasing by having the potential to blend the structure in with the natural 
setting. 

Each of the flow split alternatives suggested in the HATM were some form of a lateral weir. The 
lateral weir is a location on the bank of the channel that is lower than the surrounding bank. This 
allows the water to spill at a prescribed water surface elevation. By controlling the length of 
weir, the amount of flow that is removed from the main channel is also controlled. 

Lateral Weir Flow Characteristics 

One of primary concerns with the lateral weir performance was the predictability of the flow 
split. In an ideal lateral weir design for flood control, the flow throughout the lateral weir should 
remain subcritical, where yl and y2 are the upstream and downstream flow depths, respectively, 
and Q refers to the flow. See figure 5.1 (a) and (b). With a lateral weir, the direction of flow that 
is split flows almost perpendicular to the flow in the channel. Qi and Q 2 refer to the upstream and 
downstream flow, respectively, while Qw refers to the split flow discharge. See Figure 5.1 (b). 



Figure 5.1: Side Weir Flow Schematic, (a) Water surface profile of a subcritical flow split, 
(b) Plan view. 


Discharge Coefficient for the Lateral Weir 

The lateral weir is actually an embankment weir, which when overtopping occurs, creates a 
spatially varied flow condition. Various studies have been conducted to accurately model the 
lateral weir conditions for embankments and determining the proper discharge coefficient. One 
of the first published studies was by DiMarchi in 1934 and later followed by others to predict the 
flow over lateral weirs of various geometric types of channels, including rectangular, triangular, 
trapezoidal, and triangular and various types of lateral weir crests including sharp crested, 
rectangular, broad-crested, trapezoidal, and no weir. Many of the equations developed were 
based on the principal that the specific energy remains constant across the lateral weir opening 
(Das, 1997). 
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Various discharge coefficient (Cd) equations have been successfully developed using a multitude 
of equations and have been verified by experimental data. Three equations were used to 
calculate Cd, where each equation was a function of the Froude number (Fi) of the upstream side 
of the lateral weir. 


C M = 0.864 


/ 2 \ 0 ' 5 
f l-F 2 ^ 


2 + Ff 


(Subramanya and Awasthy, 1972) 


C M = 0.81 - 0.6^ (Ranga Raju et al., 1979) 


C 


M 


f 

0.485 

V 


2-Fy 2 ' 
2 + 3 F 2 y 


0.5 


for w=0 (Hager, 1987) 


Where C M is the DiMarchi discharge coefficient, F t is the Froude number of the upstream 
approach flow to the lateral weir, and w is the height of the weir sill above the channel invert. 
DeMarchi formulated C M with a different equation, but each of the above equations are the same 
as Cd. (Borghei et.al., 1999). 

While various empirical equations were developed in calculating Cd, once the coefficients were 
obtained, they could be used in the general broad crested weir equation: 


Q = ^Cd^LH~ 2 


where g is the gravitational acceleration, L is the length of weir, and H is the head over the weir 
or the height of water between the weir sill elevation and the water surface elevation over the sill. 

HEC-RAS was used to model this the lateral weir flowsplit. In HEC-RAS, the terms — Cdfeg 
was combined into a single coefficient, C for a standard weir equation of: 

3 

Q = CLH 2 


For each of the equations, HEC-RAS runs were analyzed for the existing conditions for the 100- 
year event and the Froude numbers were obtained from the results. The Froude numbers were 
obtained for several cross sections in the vicinity of the upstream side of the proposed lateral weir 
location. The C was determined for each cross section and then averaged. This C value was 
determined to be 3.09. For conservative purposes, the design lateral weir coefficient of 3.0 was 
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used. The typical range of C values range is 2.63-3.40. See Figure 5.2 for effects of various C 
values to the discharge with H and L constant. 
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Figure 5.2: Efficiency of the lateral weir diversion with respect to changes in the discharge 

coefficient, C. 

A difference of 0.2 per coefficient of lateral weir changed the total discharge diverted by a range 
of 15-24 cfs, thus the efficiency of the weir coefficient does not have as much effect to the total 
discharge diverted as head, H. H has the most effect since it has an exponent of 1.5. 

In-Line Weir Characteristics 

One of the issues raised about the performance of the lateral weir was the reliability of the 
performance to split the adequate flow quantity. In a typical weir where the orientation of the 
weir is perpendicular to the direction of flow, the discharge over the weir was very predictable. 
The weir causes the flow to back up on the upstream side where the depth of water increases and 
flow decreases to a negligible magnitude. The amount of discharge over the weir is then 
dependent almost solely on depth of the flow that is flowing over the weir. With the lateral weir, 
the velocity component is not negligible and the water surface elevation becomes a variable flow 
condition. This effect can be minimized by decreasing the flow velocity in the main channel that 
is parallel to the orientation of flow. 

A method of increasing the reliability of the lateral weir was to construct an in-stream water 
surface control structure in the form of an in-line weir in conjunction of the lateral weir. The 
orientation of the lateral weir is perpendicular to the direction of flow in the channel. The water 
surface control structure allows the flow to back up on the upstream side of the in-line weir, 
which served two functions: first, the water surface elevation was increased to a predictable level 


Diverted Dischage from 100-Year Event 



2.6 2.8 3 3.2 3.4 

Discharge Coefficient 
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and second, the increased depth caused by the in-line weir increased the performance head over 
the weir, thus decreasing the length of the lateral weir by facilitating an increase in flow over the 
lateral weir per unit length. 

Steelhead Concerns With An In-Line Weir 

With a fixed concrete in-line weir, steelhead passage must he evaluated. Adult steelhead have 
been found to have burst velocities up to 26.5 fps and prolonged swim speeds up to 10.2 fps 
(Bell, 1973). In addition, peak flow velocities during the 1% storm occur very rarely and for a 
short period of time relative to the migration season, which lasts for months. Furthermore, 
steelhead tend to remain stationary during flood peaks and migrate during the recession limb. 

Sedimentation and Debris Concerns 

There was a great deal of concern about sediment and an active bedload in UPC that would 
negatively affect the performance of the flow split structure and changing the channel 
morphology around the flow split location. These concerns were based on the sediment budget 
reported in the 1990 NRCS report where the estimation was 52,000 tons a year. However, a 
more recent analysis was conducted by Philip Williams and Associates (PWA) in July 20, 2001, 
“Upper Penitencia Creek Reconnaissance Level Sediment Assessment: Existing Conditions 
Summary.” 

PWA Sediment Report 

In general, the PWA report noted a lower annual sediment budget than the 1990 NRCS report. 
PWA estimated the sediment budget using two methodologies, the Pacific Southwest Interagency 
Committee Method (PSIAC) and the Modified Universal Soil Loss Equation (MUSLE). See 
Tables 5.2 (a) and (b) for the results. 

Table 5.1(a) Pacific Southwest Interagency Committee Method (PSIAC) _ 

Tons/Acre Tons/Year 

High Estimate 3.7 56,000_ 

Low Estimate 2.3 35,600 


Table 5.1(b) Modified Universal Soil Loss Equation (MUSLE) 


Return Interval 

Event Sediment Yield (tons) 

2-yr 

3,266 

10-yr 

12,354 

25-yr 

21,288 

50-yr 

26,712 

100-yr 

31,539 
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The 52,000 tons/year estimated in the 1990 NRCS report falls just below the high estimate of the 
PSIAC method and well below the 100-year event estimated with the MUSLE method which is 
flood event based. The 100-year event assumed in the MUSLE method was 4,300 cfs. While the 
range of sediment yield varied significantly, PWA suggests that the low-end estimate of the 
PSIAC method is most likely which concurs with the MUSLE results. Although the PWA report 
generally shows lower sedi ment annual yields, the overall quantity of sediment is still high. 

PWA reported the following characteristics about the watershed concerning existing conditions. 

• Extremely active geomorphic unit 

• Large volumes of coarse (>2mm) and fine sediment and is not limiting. Major source is 
e roding hill slopes. 

• Little evidence of fine sediment deposition. It indicates that fines pass into Coyote 
Creek. 

• 90% of bed material is made up of sediment larger than very coarse sands (1.68mm - 
1.00mm). 

Geomotphic process trend 

• Tallent Avenue to King Road: aggradation (deposition) 


• King Road to Coyote Creek: degradation (erosion) 


A more critical issue revealed in the PWA study than the annual sediment yield was the analysis 
on the transport capacity of each reach in the channel. See table 5.2 on the reach analysis 
results. 


Table 5.2: Reach Average Sediment Transport Capacity 


Reach 1 

Reach 2 

Reach 3 

Reach 4 

Reach 5 

Tallent Ave to 
Piedmont Rd 

Piedmont Rd to 
Capitol Ave 

Capitol Ave to 
east Mabury Rd 
crossing 

East Mabury Rd 
crossing to King 
Rd 

King Rd to 
Coyote Creek 

4,160 tons/yr 

2,295 tons/yr 

313 tons/yr 

298 tons/yr 

958 tons/yr 


In general, the transport capacity of each reach decreases from the upper most reach in the lower 
watershed at Tallent Avenue to King Road, where the transport capacity increases down to 
Coyote Creek. The bed materials range from cobbles and small boulder is reach 1 grading down 
to sand/gravel/small cobbles in the l ower reaches. In the low gradient sections, a coarse sand/fine 
gravel mixture covers the channel bed. There is also coarse sediment/fines mixture in the bypass 


p:\10841\001\reports\final\10841001.008\10841001.008.doc 

8/27/01 


36 


Santa Clara Valley Water District 
Upper Penitencia Creek Bypass Project 



















Technical Memorandum 2.0 
HDR Engineering, Inc. 


channel. This suggests that the channel has been formed from mainly high magnitude floods 
emanating from the steep upper watershed. Channel avulsions (flows breeching the natural 
channel) have been exacerbated by local sediment depositions, raising the channel bed and by the 
partial blockage of the channel due to large woody debris. 

From Piedmont Road (top of reach 2) down to King Road (end of reach 4) the range of sediment 
and transport capacity decreases drastically. The sediment transport capacity decreases at the 
same place where the majority of the flooding occurs in the 100-year flood plain, at Highway 
680. Most of decrease in transport capacity is due to the combination of the flow restriction at 
Highway 680 and a milder bed slope. Reach 5, stretching from King Road down to Coyote 
Creek, is heavily incised, relative to the surrounding land surface. The bed material ranges from 
sand-gravel to cobble. There is little evidence of channel erosion activity. 

Sediment Synopsis 

In the existing condition, there does not appear to be excessive sedimentation in the channel 
reach in the vicinity of King Road. The King Road reach has the lowest gradient and is at the 
end of the aggradation reach, which suggests that the flow split structure will not experience 
excessive sedimentation. King Road is in reach 4, which has a relatively mild slope and the 
lowest transport capacity, thus much of the coarse material that makes to this reach is deposited 
at the top of the reach. Also, King Road is also at the cusp where the channel changes from 
aggradation to degradation thus fines that reach King Road are more likely to carry on down 
through to the degradation section of reach 5. 

Woody Debris 

Large woody debris has been common during flood flows. A likely source is Alum Rock Park, 
which traditionally releases entire trees. In addition, the entire stretch of UPC is well shaded 
with adult frees that contribute woody debris as well. See Figure 5.3 for debris photo at King 
Road. 
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Figure 5.3: High water and debris at UPC and King Road, 2-3-98. (Courtesy of SCVWD 
O&M) 


REVIEW OF INITIAL HYDRAULIC ANALYSIS 
TM ALTERNATIVES 


The alternatives presented in the HATM are presented here. For more detailed explanation, 
please refer to the HATM. 

1) Rubber Dam Lateral Weir Without An In-Stream Control Structural 

2) In-Line Weir and Lateral Weir System 

3) In-Line Inflatable Dam and Lateral Weir 

4) King Road Bridge Weir and Lateral Weir System 
Each alternative is a variation of the following components: 

In-Stream Control Structure Alternatives 

• In-Line Concrete Notched Weir 

• In-Line Inflatable Dam/Weir 

• Flow control using the King Road Bridge 
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Bypass Tnlet Structure Alternatives 

• Fixed Lateral Overflow Bank Weir (both variable and fixed elevation weir heights were 
considered) 

• Lateral Inflatable Dam and Weir 

Flow Split Alternatives 

Inlet Alternative 1: Lateral Weir Without an In-Stream Structure 
(Stand Alone Weir) 

The lateral weir would be located approximately 200 feet upstream of the King Road Bridge 
See the appendix for the Lateral Weir alignment. 

The downstream edge of the lateral weir would intersect the north side of the proposed bypass 
channel. The alignment of the weir would follow the centerline of the existing southwest levee of 
the natural channel and 460 feet long. The cross section of the weir would be horizontal at the 
sill of the weir from the channel bank to 2 feet past the center line of the existing levee. Then 
downstream face will have a 1:1 slope transitioning into an overflow channel that will run along 
the levee until intersection with the head of the bypass channel. The height of the weir and slope 
varies between sections along the length of the weir. The slope generally f ollows the water 
surfa ce profile for th e 400 cfs flow regime . Since flows would not be diverted until 400 cfs is 
exceeded, the associated water surface was used to determine the profile and height of the weir. 

In the HEC-RAS profile of the weir, the weir is shown in sections but the actual design will be 
one continuous weir with, changes in the profile slope. The weir was partitioned for modeling 
computation puiposes. 


Table 5.3: Split Flow Quantities (cfs) 

Event 

Discharge Before 
Diverted 

Discharge Diverted 
into Bypass Channel 

Remaining in 
Natural Channel 

2-year 

400 

0 

400 

2.8-year 

600 

176 

424 

10-year 

1800 

1310 

490 

12.5-year 

2000 

1500 

500 

50-year 

3500 

2950 

550 

100-year 

4740 

4140 

600 

500-year 

6290 

5360 

930 


Pros/Cons of Inlet Alternative 1 

The design for the lone lateral weir is essentially hardened embankment thus construction costs is 
minimized by the absence of additional structures. The structure is also designed to the gradient 
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of the natural bed and hydraulic characteristics of the channel thus the proper performance of the 
weir is not likely to cause drastic changes to the bottom configuration. Even if the discharge 
coefficient, Cd, should not accurately reflect the performance of the weir, then at worst, the weir 
not perform to the design flow for the future 100-year event. This will be far into the future 
when the rest of the flood control project is completed and the entire 100-year event can actually 
be delivered to the King Road diversion site. 

Environmental impact is also minimized. While bank SRA habitat will have to handled, there 
will be little to no disturbance of the channel bottom and opposite bank. Also, by keeping the 
structure out of the channel, when flows are less than 400 cfs, no new disturbances will be 
introduced to steelhead migration due to this project. 

The performance is in compliance with SCVWD’s desire for a non-operational flood control 
structure. There will not be any dramatic disturbance to the creek setting and modifications can 
be made to the aesthetics of the weir to make it blend in with the surroundings. Since the weir 
length will be designed to the future design 1% event, the structure would perform in both the 
inte rim and future condition. With the interim maximum flow condition being 2,000 cfs the weir 
would perform it its design even if debris should partially block a portion of the weir segment. In 
the unlikely chance that the structure should fail to perform to its design potential, flood 
conditions will not be any worse than pre-project conditions. 

The negative aspect of this design is that the splitting of the flow may cause sedimentation. As 
discussed earlier, it is not likely that the weir location will experience excessive sediment loads 
but should it be so, changes to the channel bottom in the form of aggradation (deposition) will 
cause flow less than 400-cfs to be split. The extent of the maintenance is not known but when it 
is required, there may be some issues concerning obtaining permits to removing in-stream gravel. 

Inlet Alternative 2: In-Line Weir and Lateral Weir System 

This alternative would accomplish the flow split using a combination of an in-line notched 
concrete weir and a lateral weir. The lateral weir will follow the same configuration of the 
previously explained lateral weir but an in-stream structure would be constructed on the 
downstream edge of the bypass channel 

The In-Line Notched Weir is a concrete weir, which would be built in the natural UPC channel 
just downstream of the bypass and oriented perpendicular to the flow direction, with a 10-foot 
wide rectangular opening about the centerline of the channel. The weir would be built to within 
1 foot of the top of the left bank (facing downstream). The function of the weir is to decrease the 
flow area, which causes the flow on the upstream side to slow and the water surface to rise. An 
increase in the upstream elevation of the water surface increases the overflow performance of the 
lateral weir, thus the actual length would be reduced compared to the Inlet Alternative 1. 
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The purpose of the notch is to maintain a passageway for the migration of both adult and young 
steelhead. During most flow conditions, the flow would pass through the notched opening, the 
flow remaining continuous with the channel bed as it is with existing pre-project conditions. 

Flow velocities increase through the notch do due to the reduced cross-sectional flow area. It is 
not likely that the notched weir would be a steelhead barrier. For the 1% design flood, the 
discharge velocity on the downstream side of the in-line weir notch ranges from 10.9 fps to 12.7 
fps for the 2-year and 100-year flow, respectively. Steelhead should be able to pass the notched 
weir, even during the 100-year event. With steelhead have burst velocities of 25 feet per second, 
adult steelhead should be able to pass during the worse case scenario. Flowever, flow velocities 
decrease dramatically during the recession limb of flood when steelhead are known to move 
following a flood event. An in-stream weir blocked with debris would however, become a fish 
barrier. Thus it would have to be cleared when safely possible after storm events. 

In-Line Weir Effects to Sedimentation 

Changing the flow velocities is certain to change the natural stream shape or morphology. As a 
consequence of manipulating the natural flow behaviors with an in-line weir, sedimentation 
would occur on the upstream side due to decreased flow velocities and scour would be promoted 
on the downstream side due to increased velocities. During the 1% flood, velocities through the 
notch will be approximately 12 feet per second (fps). As water velocities slow leading up to the 
notch, the larger sediment will deposit on the upstream side. Over time, there may be enough 
sediment deposition to change the shape of the channel upstream of the weir system, thus 
affecting the flow split ratio over time. The channel bottom downstream of the notch weir would 
have to be armored to protect against scour of the bottom and undercutting of the concrete in-line 
weir. In order to insure the proper performance of the weir, O&M measures may be high. 

Pros/Cons of Inlet Alternative 2 

The advantage to adding an in-line weir would be as stated previously that the water surface 
elevation would be more predictable. With a more predictable water surface elevation, the lateral 
weir sill would not have to be shaped to the bedslope since the water surface would more 
controlled. With the notch in the in-line weir, the backflow condition would not be like as 
predictable as a reservoir but it would certainly be more predictable than if the in-line weir were 
absent. Water velocities on the upstream end would slow thus facilitating a more efficient flow 
over the lateral weir. The length of the lateral weir would also be shortened, but since there is 
adequate right-of-way along the bank where the lateral weir would be constructed, a shorter 
length weir would not necessarily be an advantage. Also, this alternative is non-operational 

The disadvantage is adding a structure automatically changes the hydraulic flow characteristic to 
one that is not experienced previously. In addition to the change in the sedimentation behavior, a 
blockage to the notch is very likely given the history of large woody debris that is known to wash 
down during high flow events. The addition of an in-stream structure increases the water surface 
elevation of the upstream side of the in-line weir. Should the lateral weir not perform to its 
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capacity and the notched weir become blocked, water surface elevations between King Road and 
Jackson Road would rise, possibly exacerbating the potential to flood in which case conditions 
would be worse than pre-project conditions. 

Inlet Alternative 3: In-Line Inflatable Dam and Lateral Weir 

An alternative to the concrete in-line notched weir would be an in-line inflatable rubber dam. 

The inflatable dam would stretch completely across the entire channel. The bladder would be 
cylindrical and inflate like a giant balloon. Once inflated, the dam would operate much like a 
typical cofferdam causing flow to backup and rise on the upstream side. The overflow and side 
diversion would be almost as predictable as a traditional permanent dam. 

Rubber dams have been used for several decades now for a variety of hydraulic control structures 
including flood control in detention basins, increasing the temporary storage capacity of 
reservoirs, etc. Their performance has been proven effective and durable in other engineering 
projects. 

Operation of this structure would only occur during potential flood events. It would remain 
deflated during low flow conditions, thus eliminating many of the problems associated with a 
fixed in stream device. During a potentially damaging flood event, the dam would be inflated, 
backing up UPC flows and causing water to divert to the bypass channel more efficiently than the 
in-lined notched weir. Although this alternative was not modeled, the lateral weir would be 
shorter the notched weir design. The control for the inflatable dam can be accomplished 
automatically and remotely. The control shelter would need to constructed somewhere near the 
structure. 

Pros/Cons of Alternative 3 

The advantages of this alternative would the increased efficiency of the lateral, decreasing the 
length of the lateral weir even more than the inlet alternative 2. The hydraulic performance 
would be the most predictable under these conditions. In addition, the control mechanism for this 
structure can be accomplished automatically, and if necessaiy, remotely. The impact of 
associated with an in-stream structure is limited. Impact will only occur during high events. 
Impact to fish migration and debris blockage will only be an issue during these events. 

The disadvantage is that this alternative would still tend to cause sediment to deposit upstream, 
and could impede woody debris passage, although to a lesser degree than the fixed in-line weir. 
The inflatable dam would have to inflate very quickly during rising water. In the process of 
inflating, water would flow over the partially inflated bladder, cause in oscillation until the dam 
was fully inflated. Also, the capital costs are higher for the installation in addition to increase 
operation and maintenance concerns. These operational difficulties and uncertainties in this non- 
traditional engineering solution make this alternative less desirable than the equivalent fixed in¬ 
line weir. 
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Inlet Alternative 4: King Road Bridge Weir and Lateral Weir System 

An alternative to the in-line weir idea is the use of the King Road Bridge as a water surface 
control structure instead of the in-line weir. Since the bridge is recognized for reconstruction, the 
bridge could be re-designed to perform as a hydraulic control device. Instead of building a 
concrete structure in the channel, the advantage of using King Road would be an additional 
structure would not be necessary. Modifications would have to be made to the bridge. A 
waterproof parapet and sluice wall would be installed on the upstream side of the bride deck that 
would cause flow to back up while preventing flooding on King Road. The parapet would be 
sized to only pass 600cfs and the lateral weir would work the same as in the previous alternative 
and sized appropriately to split the design flow off the main channel. The parapet would operate 
like a sluice gate where the critical flow depth associated with 600 cfs condition would be set 
during flood conditions. This alternative is veiy predictable since the opening allowing flow 
downstream is engineered. For this condition to work, moving parts would have to be employed. 
With the existing channel bottom geometry, there is only a foot of difference between the 
unimpeded water surface elevations associated with 400 cfs and 600 cfs. The parapet would 
have to lowered during the flood event to force the critical flow condition to limit downstream 
flows to 600 cfs, while the water surface elevation increases on the upstream side. 

Pros/Cons of Alternative 4 

This device is yet another alternative for a controlled engineered flow condition during high flow 
events. As in the other alternatives, the performance of the lateral weir would be more 
predictable and the flow split would be more efficient, thus shortening the length of the lateral 
weir. Other advantages are the same as in alternative 2 and 3. An additional advantage is that 
this engineering hydraulic control would not add an additional structure to UPC. The bridge 
must be re-constructed anyway. 

One disadvantage is that this flood control measure must be operated. The parapet elevation 
would have to carefully controlled be controlled to the proper elevation when flows in excess of 
600 cfs occur. The critical flow depth associated with the existing pre-project bottom geometry 
is less than one foot. Flow would be forced into the critical condition creating a hydraulic jump 
downstream of the King Road Bridge. 

Another disadvantage is the potential for woody debris to block the passage of water at low 
flows. Since is blockage is right at King Road, the road would need additional protection to 
prevent the flooding in the case that the opening would be blocked. The diameter of sediment 
can be earned through the sluice gate would be larger what the flow could carry downstream of 
the bridge. Larger sediment would settle out if it were to get to the bridge. It was shown in the 
PWA report that there wouldn’t be much sediment coming through. To prevent scour and in 
order to maintain the proper channel dimensions as the bridge, the bottom would have to be 
armored. 
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Alternative 5: Rubber Dam Lateral Weir Without An In-Stream 
Control Structural 

Another alternative to splitting the flow would be through the use of a lateral inflatable rubber 
dam. The inflatable dam would operate like the fixed crest lateral weir except the opening of the 
channel would be shorter in length and overflow elevation would be almost to the invert 
elevation of the natural channel. The dimensions would be approximately 150ft wide and 3.5ft 
high. The dam would resemble a cylindrical tube bolted to a concrete foundation. The side 
contacts between the dam and the abutments would be sealed against leakage. During common 
flows less than 600cfs, the rubber dam would be inflated to perform like a levee or channel wall. 
During flood flows, the dam would be deflated and water would flow over the top of the low 
bank as in the lateral weir design. Since there would not be any in-stream devices, an advantage 
of the rubber dam is that normal flows in UPC and the stream morphology will be impacted. 

Fish would still be allowed an undisturbed passage as long as migration is not occurring during 
flood events. (Studies indicate that steelhead migrate mainly during the recession of the flood 
waters.) The level of the rubber dam could be controlled remotely and/or automatically. In the 
case of power outages, there is a fail-safe non-electrical mechanism for deflating as well. Rubber 
dams have been proven to be resistant to damage from metallic objects as well as woody debris. 
Special provisions can be provided to protect the rubber from knife damage and bullet holes. 

Pros/Cons of Alternative 5 

The inflatable lateral dam also has the advantage of passing sediment during flood events, 
because the sill elevation of the deflated dam would be much lower than the weir elevation of a 
fixed lateral weir, and no in-line structures would be required. In addition, control can be 
accomplished automatically. Failure of this bladder to remain inflated will not cause flooding, 
rather, will reduce flows in the natural channel below King Road. 

The disadvantages to this alternative are several. This alternative would require operation during 
flooding events. The controls would require maintenance and periodic calibration. This 
alternative is also more costly in capital costs and long term O&M costs. Finally, this alternative 
may not be aesthetically pleasing. Some effort would have to be made to disguise the presence 
of an inflatable dam. 

Conclusion of the Inlet Alternatives 

In response SCVWD’s comments following the HATM, the alternatives that would be 
considered and further evaluated will be Inlet Alternatives 1 and 2. 

Transition Channel Between the Flow Split Structure 
and Bypass Channel 

The transition the split flow structure will require the use of the entire undeveloped area between 
the proposed alignment of the lateral weir and King Road. See the appendix for the plan view. 
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The transition would consist of a channel along the southwestern side of the left levee (facing 
downstream) of UPC, opposite the levee from the natural channel. The channel would be run 
parallel to the lateral weir, catching the entire overflow spill. The downstream face of the lateral 
weir will be a 1:1 slope transitioning into a bowl shape basin. The slope on the west side of the 
basin, between King road and the lateral weir would be a 1.5:1 slope. The inlet to the bypass 
channel would be have a radius of 80 feet, curving between the orientation of the lateral weir 
toward the bypass main channel. A beveled trash rack would be installed at the mouth of the 
channel to allow debris to float up over the bypass, deterring blockage. The trash rack would 
also serve as a barrier to keeping pedestrians out of the channel. A maintenance ramp will be 
provided from the mouth of the inlet on upstream along just outside of the levee wall. A wall 
will be constructed along the west side of the proposed maintenance ramp that will serve to 
deflect the water that is diverted off the UPC channel and into the bypass outlet. 45-degree wing 
walls on the bypass inlet will also facilitate proper drainage into the bypass. 

Should the future pedestrian and equestrian trail pass through this area, then space for a trail will 
be adequate along the existing development wall to King Road. To cross King Road, a tunnel 
should be constructed under King Road with an access ramp back to the surface street to be 
oriented northward along King Road. 

BYPASS CHANNEL DESIGN ALTERNATIVES 

The descriptions of the bypass alternatives have been covered in section 4. Both the single box 
and double box hydraulic performance will be evaluated. 

1. Single box culvert: 28-foot span X 14-foot depth 

2. Double box culvert: 2 boxes 13.5-foot span X 14-foot depth 

THE BYPASS OUTLET 

Under project conditions, UPC reaches it’s peak flow at King Road for the 1% flood 
approximately 48 hours before Coyote Creek does (USACE, 1995), therefore, the diverted flows 
will not increase the peak 1% flood elevations in Coyote Creek. When the peak flows from 
Upper Penitencia Creek reach Coyote Creek, the flow in Coyote Creek is approximately the 30- 
year storm level or at elevation of 72 feet (Firth, 2001). At the bypass location, the top of the 
right bank of Coyote Creek is at elevation 83 feet, while the top of left bank is at elevation 76 
feet, resulting in a 7-foot elevation difference between the left bank and right bank. When the 
bypass is flowing at design capacity, Coyote Creek water surface is at elevation 72 feet. The 
energy associated with the flow exiting the box culvert is very high and must be dissipated before 
entering Coyote Creek. 
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The following alternatives are designed to dissipate energy. 

Bypass Alternative 1: Vertical Drop Structure and 
Deflecting Wall 

See attached maps. Energy can be dissipated through the use of a vertical drop structure. The 
structure is similar to the transition structure between Upper Penitencia Creek and the bypass 
channel inlet. The drop structure span would be 28 feet, the same as the bypass channel 
dimensions. The length of the basin in which the jump occurs would be 50 feet. The drop would 
dissipate much of the energy and allow the flow to become tranquil (Froude number is less than 
0.86). The elevation of the sill of the drop structure will be at 68 feet elevation. This elevation 
corresponds to about the 2-year stage elevation. See Table 5.5 for difference in velocity due to 
the drop structure. 


Table 5.4: End of Bypass Velocity (fps) Decrease Due to Drop Structure 

Flow Event 

Discharge (cfs) 

Velocity Before Drop (fps) 

Velocity After Drop (fps) 

5-Year 

690 

9.29 

1.90 

10-Year 

1,310 

11.50 

3.10 

50-Year 

2,950 

15.03 

6.14 

100-Year 

4,150 

16.84 

7.72 

500-Year 

5,360 

18.35 

9.05 
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Figure 5.3: Bypass Outlet Drop Structure Water Surface Profile 



Figure 5.4: Bypass Outlet Velocity Profile 

Immediately downstream of the toe would be a deflection wall that would serve to deflect the 
flow in the direction of Coyote Creek facilitating a smooth transition between the merging flows. 
The invert elevation of the deflecting channel would be the same as the adjacent Coyote Creek 
invert. The deflecting wall would be the height of the existing ground. Riprap would be used for 
scour protection along the exit channel invert outlet. 

The HATM referred to a 12-degree deflection wall but this angle was redesigned to a 45-degree 
angle. The 12-degrees was a deflection angle that is recommended by the US ACE engineering 
manual EM 1110-2-1601, “Hydraulic Design of Flood Control Channels,” for smooth transition 
between merging channels of tranquil flow. In addition to the angle of approach, the EM 
recommends approximate equal water surface elevations, and extension of the width of the 
downstream channel. These measures aid in the elimination of standing waves and minimizing 
cross-wave formation and turbulence. The 12-degree angled wall would have been used to 
increase the energy dissipation as well as orientate the bypass flows into the direction of Coyote 
Creek. The 45-degree wall is not likely to aid in energy dissipation but will serve to orientate the 
flows downstream with Coyote Creek. It is not likely that the 45-degree wall will dissipate 
energy. But, the energy lost from the drop structure will suffice in the merging of the channels. 

See appendix for bypass outlet alignment. 
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Pros/Cons of Bypass Outlet Alternative 1 

Upon review of the HATM by SCVWD, the concern of the excessive negative impact to the SRA 
habitat took precedence over following the recommended design features of the EM. The 12- 
degree approach angle to Coyote Creek was such a gradual approach to the channels merging that 
approximately 260 feet of stream bank would have to be altered including the removal of almost 
all SRA habitat. A 45-degree approach of the bypass channel outlet would allow the bypass to 
merge with Coyote Creek at a more aggressive angle, which would be aligned to minimize 
impact to SRA habitat. At most, the 45-degree angle would affect 100-feet of stream bank. With 
the more aggressive approach angel, it is likely that standing waves and additional turbulence 
will result at the outlet requiring revetment on the east side of Coyote Creek, just downstream of 
the outlet. 

The drop structure will not have any known adverse effects to natural channel; rather the energy 
dissipation will help minimize turbulent flows when the two channels merge. The invert 
elevation of the outlet corresponds to the 2-year event water surface elevation, thus any event 
beyond this will cause water to back up in the bypass channel. Any flow above the 2-year level 
and the bypass begins spilling. Effects to anadramous fish is uncertain. Flows above the 2-year 
event will inundate the invert as well as discharge out of the bypass will begin, which may 
promote steelhead to attempt to migrate up the bypass. The extent of this is not known. 

Alternative 2: Vertical Drop Structure, Widened 
Outlet, and Riprap Banks 

This alternative uses the same drop structure as alternative 1 but the deflecting wall would be 
absent. The general orientation of bypass approach flow would be 90-degrees to Coyote Creek. 
In addition, the channel would be widened at the outlet further slowing down the flow by causing 
the flow to spread out over a wider channel. The left wall of the bypass channel (the upstream 
side relative to Coyote Creek) would remain its 90-degree orientation toward Coyote Creek while 
the right side of the bypass channel would be widened to a 45-degree downstream orientation to 
Coyote Creek. Riprap would be placed at the bottom of the outlet channel. The riprap would 
increase the roughness of the channel thus reducing the flow velocity by friction. 

Pros/Cons of Bypass Outlet Alternative 2 

This alternative is not recommended because the flow merging from the bypass with Coyote 
Creek is almost a 90-degree angle, which would cause a sinusoidal transverse wave downstream 
on Coyote Creek. Riprap would have to be place along the banks where the transverse wave 
contacts the banks on opposing sides. In addition, extensive use of riprap would need to be 
employed which is likely to cause the loss of SRA habitat. 
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Alternative 3: Curving of the Bypass Alignment 

Instead of using the deflector wall as in alternative 1, the alignment of the exit channel can be 
curved to meet Coyote Creek at a 12-degree incident angle. The curved alignment would impact 
the southwest comer of the adjacent flea market property. 

Pros/Cons of Bypass Outlet Alternative 3 

This alternative was abandoned because of the high cost of acquiring additional lands. Again, 
with the 12-degree approach, an abundant loss of SRA habitat is likely. 

ALTERNATIVES CONSIDERED FOR 
PRESENTATION OF MODEL RUNS AND 
THREE FLOOD FREQUENCIES 

Bypass Inlet/Split Flow Structure 

1. Stand-alone Lateral Weir 

2. Lateral Weir With In-stream Notched Weir 

Bypass Design 

1. Single Box Culvert 

2. Double Box Culvert 

Bypass Outlet 

1. Drop structure with deflection wall. 

2. Drop structure with widen outlet and increased riprap. 

Model Runs of Project Alternatives and Multiple Flood Frequencies 

Each of the alternatives will be modeled in the following combinations: 

1. Stand-Alone Lateral Weir, Single Box Culvert, and Drop Structure With Deflection Wall 

2. Lateral Weir With In-Stream Structure, Double Box Structure, and Widened Outlet 

3. Stand-alone Lateral Weir, Single Box Culvert, and Widened Outlet 

Flows Evaluated For the Bypass 

The following scenarios were ran with the following events: 2-year, 2.3-year, 12.5-year, and the 
100-year. The project flow split structure was designed to these flows. 400 cfs is the minimum 
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flow which the bypass will begin diversion and 600 cfs is the maximum that will be allowed 
downstream. In addition, the 4,740 cfs is the design capacity of the structure but the 2,000 cfs is 
what the project will experience. 


Table 5.5: Bypass Evaluated Flows Including the Design Flow and Other Significant Flows* 

2-Year Minimum 
Flow 

Channel Capacity 
(2.3-Year) 

Existing Maximum 

Flow Delivery 
(12.5-year) 

100-Year 

400 cfs 

600 cfs 

2,000 cfs 

4,740 cfs 


*Based on USACE, San Francisco District UPC Hydrologic Engineering Office Report, January 


2001 . 
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Stand Alone Weir 

The same boundary conditions used were the same conditions used in determining the channel 
capacity below King Road. The Manning’s n values used were 0.50 for in channel and 0.40 for 
overbank. The downstream water surface elevation was 72 feet elevation at Coyote Creek. 



Figure 5.5: UPC Water Surface Profile From Stand-Alone Lateral Weir 
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Figure 5.6: UPC Water Surface Profile for Stand-Alone Lateral Weir Close-Up 
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Legend 

Vel Chnl800 cfs 
Vel Chnl 2000cfc" 
Vel Chnl 400 cfs 
Vel Chnl 4740 cfa 


Figure 5.7: UPC Velocity Profile for Stand-Alone Lateral Weir 
Velocities range from 4 fps to 11 fps for the 100-year event. 

Lateral Weir With Notch 

The boundary conditions and flow magnitudes used were the same conditions used in this 
alternative as in the Stand-Alone Weir. The notched weir dimensions were a 10-foot wide notch 
centered at the centerline of the channel located just at the downstream end of the lateral weir. 
See figure 5.4 for idealized cross section. 
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Upper Pen Exist Chan w/lat weir Plan: Plan 55 



Figure 5.8: Notched In-Line Weir, Hydraulic Control Structure 
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Side Weir Hyd Analysis Supplement Plan: Plan 43 
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Figure 5.9: UPC Water Surface Profile From Lateral Weir With Notch 
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Main Chnnnol Distance (A) 



Figure 5.11: UPC Water Surface Profile for Single Box Culvert 

The water surface remains a 1.5 feet of freeboard, for the 500-year event and 3.5 feet freeboard 
for the 100-year event. 


Bypass Channel Alignment Plan: Plan 88 


Main Channel Distance (A) 


Figure 5.12: UPC Velocity Profile for Single Box Culvert 

For the 100-year event, water velocities enter the channel at 18 fps and taper down to 14 fps after 
1,000 feet into the bypass 
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Double Box Culvert 

The same flow and boundary conditions were used as in the Single Box alternative. 



Figure 5.13: UPC Water Surface Profile For Double Box Culvert 

For the 100-year event, the water surface is approximately 1.75 ft freeboard. The 500-year event 
is shown out of the top of the channel which is inaccurate since the box is closed. This would 
result in a pressure flow situation. 



Figure 5.14: UPC Velocity Profile For Double Box Culvert 
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Water velocities start out the same as the single box but decrease more dramatically due to the 
increased water contact to surface area of channel. For the 100-year event, water velocities start 
at 17 fps and taper down to 15 fps. For the 500-year event, the water surface elevation exceeds 
the top of box thus the flow goes under pressure. The water velocity for the 500-year event is not 
shown. 

Drop structure with deflection wall 

This alternative is the same profile as the drop structure in Section 5. The deflection wall is not 
shown. It is not likely that the deflection wall would not be effective at dropping the energy, 
rather it will be used to orient the flow downstream. 


E 


1 



UpperPan. Drop Structures Plan: Plan 08 
- Bypatt to Coy 01» - 
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Figure 5.15: Bypass Outlet Drop Structure Water Surface Profile 


Water surface elevations are 1 foot higher at 73 feet elevation than Coyote Creek’s water surface 
of 72 feet elevation. 
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Table 5.7: Velocity Changes Throughout Drop Structure with Riprap 


Event 

Flow (cfs) 

Before Drop 
(fps) 

At the Toe of 
Drop (fps) 

At End of Riprap Section (fps) 

2.8-Year 

180 

5.39 

0.49 

0.18 

12.5-Year 

1,500 

11.98 

3.58 

1.27 

100-Year 

4,150 

16.85 

8.98 

3.08 

500-Year 

5,360 

18.36 

10.50 

3.55 
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6.0 Presentation of 

MODEL AND ONE-PERCENT 
FLOOD PROFILE OF FINAL 
DESIGN CONFIGURATION. 

The following is the recommended configuration for the flow split and bypass system 

1. Stand-Alone Weir for the Flow Split 

2. Single Box Culvert 

3. Utilize the drop structure and 45-degree deflection wall to dissipate the energy 


Stand-Alone Lateral Weir 



Figure 6.1: Water Surface Elevations for Stand-Alone Weir For Flow Split 
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Figure 6.3: Water Surface Elevation for Single Culvert Bypass Channel 


Mcfn Channel Distance (9) 
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Figure 6.5: Water Surface Elevation for Single Culvert Bypass Channel 


Main Channel Distance (ft) 
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Recommendations 


These recommendations address many of the concerns that were raised following the submittal of 
the HATM. The stand-alone lateral weir is a flow split structure is a non-operational flood 
control feature, as requested by SCVWD. The in-stream disturbance is minimized by not 
obstructing the path of flow. The PWA report indicates that a sediment problem does not 
currently exist in the vicinity of King Road so the predictability of the performance of the lateral 
weir is reliable. We recommend an initial detailed survey of the bottom of the natural channel 
along the lateral weir to insure proper performance of the weir. The performance of the lateral 
weir was designed to the existing natural bottom condition. Some maintenance will be required, 
but this alternative would not cause any additional maintenance than the other alternatives, 
perhaps requiring the least. For flows less than the 2-year event, no additional stresses are 
experienced by migrating steelhead. The probability of debris blockage is not worsened as in the 
with the in-line weir. 

The recommended solution presented here supercedes the recommendations in the HATM and 
adequately address the concerns that were raised in the with the inflatable dam alternative. The 
single box culvert design was maintained and the outlet structure was realigned an analyzed to 
determine that a 45-degree alignment of the outlet would minimize destruction of SRA habitat 
and the merging of the flows would not cause excessive turbulence that would increase erosion 
along Coyote Creek banks. 

Although the flow split is designed to handle the 100-year event, this design reflects existing 
UPC conditions. After 100-year flood protection is provided to the lower UPC watershed, the 
channel at UPC will most likely experience different conditions and the proposed bypass flow 
split may not operate as currently intended. 
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Coyote Creek Upper Manning’s Range: Channel 

n = 0.057/Overbank n = 0.114 








HEC-RAS Plan: Plan 04 River. Coyote Creek Reach: one 


Q Total 1 MinCh El I W.S. Elev 1 CritW.S. | E.G. Elev | E.G. Slope | VelChnl 1 Flow Area | Top Width | FroudeflChl 


15000.00 


6200.00 


)• ft 

K (R) -- 

; (ft). 

(ft/ft) -ft 

73.22 


73.76 

0.002173 

76.90 


77.72 

0,002624 

78.35 


79.32 

0.002858 

79.85 


80.96 

0.003050 





73.12 


73.66 

0.002200 

76.77 


77.59 

0.002603 


5.86 

1058.67 

88.80 

0.30 

7.30 

1473.37 

141.12 

0.34 

7.96 

1690.01 

157.47 

0.36 

8.59 

1927.94 

160.56 

0.37 





5.87 

1056.67 

91.26 

0.30 

7.29 

1466.93 

137.44 

0.34 

7.97 

1675.28 

157.82 

0.36 

8.60 


164.70 



15000.00 







79.69 





6200,00 

10300.00 

12500.00 

15000.00 

6200.00 

10300.00 

12500.00 

15000.00 



USUI 


0.002475 

0.002607 


0.001616 


0.001935 


0.002245 


0.001937 

5.45 

0.002141 

6.66 

0.002306 

7.26 

0.002462 

7.85 




0.001928 


0.002252 


0.002366 


0,001615 

0.002128 

0.002324 

0.002515 

0,003342 

0,003841 

0,004107 

0.004346 


0,004376 

0.005716 

0.006460 

0.006905 


77.35 

0.006003 

78.82 

0.006481 




0.006497 


0.007395 


0.003442 

0.004565 

0.005390 

0,006289 

0.003140 

0.004189 


1668.60 


1087.13 


923.44 


1694.81 


10.59 1259.66 

11.45 1442.02 " 


tnmi 


EES I 


11.08 

1272.54 


12.21 

1399.90 





7.21 

880.31 



mi 






























































































HEC-RAS 1 

=lan: Plan 04 River: Covote Creek 

Reach: one (Contiraiec 

i) _ 

Reach 

River Sta 

Q Total 

Min Ch El 

W.S. Elev 

Crit W.S. 

E.G. Elev 

E.G. Slope 

Vel Chnl 

Flow Area 

Top Width 

Froude # Chi 



(cfs) 

(ft) 

(ft) 

(ft) 

(ft) 

(ft/ft) 

(ft/s) 

(sq ft) 

(ft) 


one 

130 

12500.00 

55.60 

75.00 

68.31 

76.53 

0.004963 

10.03 

1341.15 

111.00 

0.46 

one 

130 

15000.00 

55.60 

76.00 

69.70 

77.89 

0.005812 

11.19 

1453.05 

112.80 

0.51 




Elevation (ft) Elevation (ft) 






Legend 
WS 15000 cfs 
WS 12500 cfs 
WS 10300 cfs 
WS 6200 cfs 

Ground 

• 

Bank Sta 


Legend 
WS 15000 cfs 
WS 12500 cfs 
WS 10300 cfs 
WS 6200 cfs 

Ground 

• 

Bank Sta 


Legend 


WS 15000 cfs 


WS 12500 cfs 


WS 10300 cfs 


WS 6200 cfs 


Ground 
Bank Sta 


Coyote Creek At Bypass Outlet Plan: Plan 09 

River = Coyote Creek Reach = one RS = 800 


Legend 

WS 15000 cfs 
WS 12500 Cfs 
WS 10300 cfs 
WS 6200 cfs 

Ground 

• 

Bank Sta 


100 


150 


200 


Station (ft) 

Coyote Creek At Bypass Outlet Plan: Plan 09 

River = Coyote Creek Reach = one RS = 700 


0 50 100 150 200 

Station (ft) 


Coyote Creek At Bypass Outlet Plan: Plan 09 

River = Coyote Creek Reach = one RS = 750 


100 

Station (ft) 


150 


200 


Coyote Creek At Bypass Outlet Plan: Plan 09 

River = Coyote Creek Reach = one RS = 650 


0 50 100 150 200 

Station (ft) 
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LU 





































































































































































































Elevation (ft) Elevation (ft) 



Coyote Creek At Bypass Outlet Plan: Plan 09 

River = Coyote Creek Reach = one RS = 600 


Legend 


WS 15000 cfs 


WS 12500 cfs 


WS 10300 cfs 


WS 6200 cfs 


Ground 


Bank Sta 


Station (ft) 

Coyote Creek At Bypass Outlet Plan: Plan 09 

River = Coyote Creek Reach = one RS = 500 


Legend 


WS 15000 cfs 


WS 12500 cfs 


WS 10300 cfs 


WS 6200 cfs 


Ground 


Bank Sta 


Station (ft) 


Elevation (ft) Elevation (ft) 




Legend 


WS 15000 cfs 
WS 12500 cfs 
WS 10300 cfs 
WS 6200 cfs 


Ground 
Bank Sta 


Coyote Creek At Bypass Outlet Plan: Plan 09 

River = Coyote Creek Reach = one RS = 550 


Legend 


WS 15000 cfs 


WS 12500 cfs 
WS 10300 cfs 


WS 6200 cfs 


Ground 
Bank Sta 


50 100 150 

Station (ft) 

Coyote Creek At Bypass Outlet Plan: Plan 09 

River = Coyote Creek Reach = one RS = 450 


200 


50 


100 

Station (ft) 


150 


200 



































































































































































Elevation (ft) Elevation (ft) 



Coyote Creek At Bypass Outlet Plan: Plan 09 

River = Coyote Creek Reach = one RS = 400 


Legend 


WS 15000 Cfs 


WS 12500 cfs 


WS 10300 cfs 


WS 6200 cfs 


Ground 


Station (ft) 

Coyote Creek At Bypass Outlet Plan: Plan 09 

River = Coyote Creek Reach = one RS = 300 


Legend 


WS 15000 cfs 


WS 12500 cfs 


WS 10300 cfs 


WS 6200 cfs 


Ground 


Bank Sta 


Station (ft) 


Elevation (ft) Elevation (ft) 


Coyote Creek At Bypass Outlet Plan: Plan 09 


River = Coyote Creek Reach = one RS = 350 



Station (ft) 

Coyote Creek At Bypass Outlet Plan: Plan 09 

River = Coyote Creek Reach = one RS = 250 














































































































































































Elevation (ft) Elevation (ft) 



Legend 


WS 15000 cfs 


WS 12500 cfs 


WS 10300 cfs 


WS 6200 cfs 


Ground 
Bank Sta 


100 120 140 160 180 200 


Station (ft) 


Coyote Creek At Bypass Outlet Plan: Plan 09 

River = Coyote Creek Reach = one RS = 130 

<-.114-4? -.057-—- *{<-.114-4 


Legend 


WS 15000 cfs 


WS 12500 cfs 


WS 10300 cfs 


WS 6200 cfs 


Ground 
Bank Sta 


100 120 140 160 180 200 


Station (ft) 


Coyote Creek At Bypass Outlet Plan: Plan 09 

River = Coyote Creek Reach = one RS = 200 


Elevation (ft) 


Coyote Creek At Bypass Outlet Plan: Plan 09 

River = Coyote Creek Reach = one RS = 150 



Station (ft) 
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Coyote Creek Lower Manning’s Range: Chan 

n = 0.036/Overbank n = 0 






HEC-RAS Plan: Plan 04 River. Coyote Creek Reach: one _ 

Reach R vcr Sta _ Q Total ' : -.Min Ch El W.Si Elev 
. (c‘s) (ft; 


E.G. Elev 
(M_ 


- E.G. Slope _ 

' I- (ft/ft) I 








Vel Chnl 

m 




Flow Area 
(sq ft) 


Top Width 1 Froude # Chi 








































































































































Elevation (ft) Elevation (ft) 





Ground 


WS 1500 cfs 


WS 1500 cfs 


1) Plan 68 

RS = 2500 


Bypass Channel Alignment Plan: 

River = Bypass Channel Reach = One 


WS 5360 cfs 
WS 4150 cfs 


WS 4150 cfs 


WS 180 cfs 


WS 5360 cfs 


WS 4150 cfs 


WS 1500 cfs 


WS 5360 cfs 


WS 4150 cfs 


Ground 
Bank Sta 


Station (ft) 


Bypass Channel Alignment Plan: 1) Plan 68 

River = Bypass Channel Reach = One RS = 2300 


Bypass Channel Alignment Plan 

River = Bypass Channel Reach = One 


75 


88 - 

86 - 

84 

82 

80 

78 


1) Plan 68 

RS = 2600 


Station (ft) 


Bypass Channel Alignment Plan: 1) Plan 68 

River = Bypass Channel Reach = One RS = 2450 Start of Double Box, End of U-channel 































































Elevation (ft) Elevation (ft) 



$pps 


Ground 


Ground 


WS 5360 cfs 


WS 4150 cfs 


WS 1500 cfs 


WS 1500 cfs 


WS 4150 Cfs 


WS 4150 cfs 


WS 4150 cfs 


WS 1500 cfs 


WS 1500 cfs 


WS 180 cfs 


WS 180 cfs 


5 20 25 30 

Station (ft) 


Bypass Channel Alignment Plan: 1) Plan 68 

River = Bypass Channel Reach = One RS = 1900 


Bypass Channel Alignment Plan: 1) Plan 68 

River = Bypass Channel Reach = One RS = 2100 


Station (ft) 


Ground 
Bank Sta 


5 10 15 20 25 30 35 

Station (ft) 

Bypass Channel Alignment Plan: 1) Plan 68 

River = Bypass Channel Reach = One RS = 1700 


Bypass Channel Alignment Plan: 1) Plan 68 

River = Bypass Channel Reach = One RS = 1500 


Station (ft) 




































































































Elevation (ft) Elevation (ft) 



WS 5360 cfs 


WS 1500 cfs 


Bypass Channel Alignment Plan: 1) Plan 68 

River = Bypass Channel Reach = One RS = 1325 


Bypass Channel Alignment Plan: 1) Plan 68 

River = Bypass Channel Reach = One RS = 1250 


WS 5360 cfs 


WS 4150 cfs 


WS 4150 cfs 


WS 1500 cfs 
WS 180 cfs 


WS 180 cfs 


Ground 
Bank Sta 


Ground 
Bank Sta 


WS 5360 cfs 


WS 4150 cfs 


WS 1500 cfs 
WS 180 cfs 


5 20 25 30 

Station (ft) 


Station (ft) 


Legend 


Station (ft) 

Bypass Channel Alignment Plan: 

River = Bypass Channel Reach = One 


1) Plan 68 

RS = 900 


Station (ft) 


Bypass Channel Alignment Plan: 1) Plan 68 

River = Bypass Channel Reach = One RS = 1100 












































































Elevation (ft) Elevation (ft) 





































































HEC-RAS Plan: Plan 37 River: upper penitencia Reach: three __ 

| Reas': | RiverSta |--y-QTot a~ -Min Ch El /W.5. Elev , CritW.S. 

(ft)--- - - v (ft)- : (ft) 




E,G._Elev- - E/G, Slope Vel Chnl ' Flow Area Top Width, _ ■ Froude it Chi 

- - : (ft/ft) - - - — 
















































































































































































































































































HEC-RAS Plan: Plan 37 River: upper penitencia Reach: three (Continued 




Reach River Sta Q Total 
_ (cfs) 


Froude # Chi 



205.00 

0.21 

205.00 

0.21 



















































































































































































HEC-RAS Plan: Plan 37 River: upper penitencia Reach: three (Continued 


Reach | River Sta I Q Total | ;MlnChEI [ W.S. Elev j CritW.S. j E.G. Elev I E.G. Slope 


_| _ Jcfs)_ ! (ft) 1 (ft) 1 (ft) I (ft) 

2257 



1150.00 


1800.00 


2000.00 


4740.00 


6000.00 


mai 


S i 

ESDI 

mmi 



eesi 


0.005660 

0.005048 


0.001756 

0.002047 

0.002106 

0.002272 

0.002028 


4.53 


3.92 



i'nmnil 


m 




■gjUl 

I B 

mm 

ism 


1150.00 

1800.00 

2000.00 


4740.00 


6000.00 





115 

0.00 

180 


200 


474 


600 




40 


60 

115 


180 


200 

474 

mu 

SI 

600 



■ 


23231 


4 

6 


1150.00 


1800,00 
2000.00 
4740.00 ~ 

















































































































E.G. Elev 



0.002011 


0.001028 


7.36 

3 

mni 

223.6 

El 

5.32! 

1084.43 

223.60 

4.19 

1555.44 

223.60 























































































































































































































I- 

IEC-RAS 

Plan: Plan 37 River: UDDer Denitent 

;ia Reach: 

hree (Conti 

nued) 

- 

Reach 

River Sta - 

\ Q Total 

Min Ch El 

W.S. Elev 

Crit W.S. 

E.G. Elev 

E.G. Slope 

Vel Chnl 

Flow Area 

Top Width 

Froude # Chi 



" (cfs) 

(ft) 

(ft) 

(ft) 


s 

ISlIllil 

(sqft) 

(ft) 

. • 

Ihree 

362: — 

1150.00 

63.30 

71.95 


UiA 


4.30 


44.19 

0.31 

three . 

362 ; 

1800.00 

63.30 

74.43 




4.63 

389.13 


0.30 

three l 

362 

2000.00 

63.30 

75.00 


wmsMix?? 

0.002039 

4.76 



0.31 

three T- 

362 

4740,00 

63.30 

81.90 



0.001147 

4.98 



0.25 

three 

362 

6000.00 

63.30 

84.61 


84.95 

0.000883 

4.85 



0.22 













three : . 

252 

400.00 

61.80 

67.98 


68.13 

0.002029 

3.16 


31.83 

0.28 

three 

252 

600,00 

61.80 

69.42 


69.60 

0.001847 



35.96 

0.27 

three 

252- 

1150,00 

61.80 

71.70 


71.99 


4.34 


42.52 

0.31 

three 

252 

1800.00 

61.80 

74.19 


74.54 

0.002018 

4.74 


49.67 

0.30 

three 

252 

2000.00 

61.80 

74.75 


75.12 

0.002056 

4.90 


51.27 

0.31 

three 

252 

4740.00 

61.80 

81.72 


82.12 

0.001195 

5.29 


108.21 

0.25 

three 

252 

6000.00 

61.80 

84.48 


84.85 

0.000882 

5.14 

1274.86 

114.00 

0.22 

' 



' 









three 

145, 

400.00 

59.80 

67.83 




2.76 

145.14 

31.63 

0.23 

three 

145 

600.00 

59.80 

69.27 


69.42 

0.001373 

3.09 


36.28 

0.24 

three 

145 

1150.00 

59.80 

71.53 



0.001930 

3.74 


61.30 

0.29 

throe 

145 

1800.00 

59.80 

74.11 


74.34 

0.001269 

3.81 

483.34 

74.16 

0.24 

three 

145 

2000.00 

59.80 

74.68 


74.91 

0.001211 

3.91 


77.32 

0.24 

three 

145 , 

4740.00 

59.80 

81.75 


81.98 

0.000584 

4.12 


134.32 

0.19 

three 

145 

6000.00 

59.80 

84.51 


84.73 

0.000443 

4.01 


139.00 

0.17 


:;v., 











three 

135 

400.00 

59.00 

67.83 


67.94 

0.001126 

2.62 


28.45 

0.20 

three : 

135 

600.00 

59.00 

69.26 



0.001274 



29.50 

0.21 

three 

135 

1150.00 

59.00 

71.41 



0.002098 

4.46 


29.50 

0.27 

three 

135 

1800.00 

59.00 

73.83 


74.29 

0.002623 

5.47 


29.50 

0.29 

three 

135 

2000.00 

59.00 

74.34 


74.86 

0.002866 



29.50 

0.30 

three 

135 

4740.00 

59.00 

80.61 


81.86 

0.005190 

8.96 


29.50 


three 

135 

6000.00 

59.00 

83.03 


84.58 

0.006032 

9.99 


29.50 

0.39 


mmm 











three 

134 

400.00 

59.00 

67.83 

63.22 

67.93 

0.001127 

2.62 

152.42 

28.44 

0.20 

three 

134 

600.00 

59.00 

69.26 

64.17 

69.41 


3.09 

194.23 

29.50 

0.21 

three 

134 

1150.00 

59.00 

71.41 

65.97 

71.72 

0.002100 

4.46 

257.61 

29.50 

0.27 

three .. 

134 ■' 

1800.00 

59.00 

73.82 

67.39 

74.29 

0.002625 

5.47 


29.50 

0.29 

three. 

134 

2000.00 

59.00 

74.34 

67.81 

74.86 

0.002869 

5.81 

343.99 

29.50 

0.30 

three: 

134 

4740.00 

59.00 

80.60 

71.98 


0.005197 

8.96 

528.85 

29.50 

0.37 

three 

134 

6000.00 

59.00 

83.02 

73.55 

84.57 

0.006041 
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Upper Penitencia Creek Plan: Plan 49 

River = upper penitencia Reach = three RS = 5052 



Upper Penitencia Creek Plan: Plan 49 
River = upper penitencia Reach = three RS = 4827 
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Upper Penitencia Creek Plan: Plan 49 

River = upper penitencia Reach = three RS = 4923 



Upper Penitencia Creek Plan: Plan 49 
River = upper penitencia Reach = three RS = 4816 Private Road 







































































































































Elevation (ft) Elevation (ft) 


Upper Penitencia Creek Plan: Plan 49 
River = upper penitencia Reach = three RS = 4816 Private Road 



Upper Penitencia Creek Plan: Plan 49 

River = upper penitencia Reach = three RS = 4700 



Upper Penitencia Creek Plan: Plan 49 
River = upper penitencia Reach = three RS = 4804 



Upper Penitencia Creek Plan: Plan 49 
River = upper penitencia Reach = three RS = 4568 
















































































































Elevation (ft) Elevation (ft) 
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Upper Penitencia Creek Plan: Plan 49 
River = upper penitencia Reach = three RS = 4313 



Upper Penitencia Creek Plan: Plan 49 
River = upper penitencia Reach = three RS = 3988 
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Station (ft) 
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Upper Penitencia Creek Plan: Plan 49 
River = upper penitencia Reach = three RS = 3791 



Station (ft) 


Upper Penitencia Creek Plan: Plan 49 
River = upper penitencia Reach = three RS = 3631 



























































































































Elevation (ft) Elevation (ft) 


Upper Penitencia Creek Plan: Plan 49 
River = upper penitencia Reach = three RS = 3602 
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Upper Penitencia Creek Plan: Plan 49 

River = upper penitencia Reach = three RS = 2957 


Upper Penitencia Creek Plan: Plan 49 

River = upper penitencia Reach = three RS = 2680 
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Upper Penitencia Creek Plan: Plan 49 

River = upper penitencia Reach = three RS = 2567 
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Upper Penitencia Creek Plan: Plan 49 

River = upper penitencia Reach = three RS = 2477 
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Upper Penitencia Creek Plan: Plan 49 
River = upper penitencia Reach = three RS = 2350 


Upper Penitencia Creek Plan: Plan 49 
River = upper penitencia Reach = three RS = 2298 






























































































Upper Penitencia Creek Plan: Plan 49 
River = upper penitencia Reach = three RS = 2210 
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Upper Penitencia Creek Plan: Plan 49 


River = upper penitencia Reach = three RS = 2000 Railroad Crossing 



Upper Penitencia Creek Plan: Plan 49 
River = upper penitencia Reach = three RS = 1988 
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Upper Penitencia Creek Plan: Plan 49 

River = upper penitencia Reach = three RS = 1338 Flea Market Car Entrance 
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Upper Penitencia Creek Plan: Plan 49 

River = upper penitencia Reach = three RS = 1286 
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Upper Penitencia Creek Plan: Plan 49 

River = upper penitencia Reach = three RS = 1310 

-.04-4<05>i<-.04-4 




! • ‘ 





















-50 0 50 100 

Station (ft) 

Upper Penitencia Creek Plan: Plan 49 
River = upper penitencia Reach = three RS = 1208 
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Elevation (ft) Elevation (ft) 


Upper Penitencia Creek Plan: Plan 49 
River = upper penitencia Reach = three RS = 1100 



Upper Penitencia Creek Plan: Plan 49 
River = upper penitencia Reach = three RS = 1002 
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Upper Penitencia Creek Plan: Plan 49 
River = upper penitencia Reach = three RS = 1027 



Upper Penitencia Creek Plan: Plan 49 
River = upper penitencia Reach = three RS = 991 Pedestrian Crossing 
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Elevation (ft) Elevation (ft) 


Upper Penitencia Creek Plan: Plan 49 

River = upper penitencia Reach = three RS = 991 Pedestrian Crossing 
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Upper Penitencia Creek Plan: Plan 49 
River = upper penitencia Reach = three RS = 933 
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Upper Penitencia Creek Plan: Plan 49 

River = upper penitencia Reach = three RS = 958 
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Upper Penitencia Creek Plan: Plan 49 

River = upper penitencia Reach = three RS = 865 
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Elevation (ft) Elevation (ft) 
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Upper Penitencia Creek Plan: Plan 49 

River = upper penitencia Reach = three RS = 787 
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Upper Penitencia Creek Plan: Plan 49 
River = upper penitencia Reach = three RS = 586 
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Upper Penitencia Creek Plan: Plan 49 

River = upper penitencia Reach = three RS = 470 


Plan: Plan 49 
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Elevation (ft) Elevation (ft) 


Upper Penitencia Creek Plan: Plan 49 

River = upper penitencia Reach = three RS = 362 


Upper Pemtencia Creek Plan: Plan 49 

River = upper penitencia Reach = three RS = 252 




WS 100-Year 
WS 12 ’ 5 -Year 
WS 10-Year 
WS 5-Year § 

t C 

WS 2.8-Year ■•§ 

TO 

- > 

WS 2-Year gj 

Ground 

Bank Sta 



WS 500-Year 


WS 100-Year 
WS 12.5-Year 
WS 10-Year 
WS 5 T -Year 
WS 2.8-Year 
WS 2-Year 

Ground 

• 

Bank Sta 


Station (ft) 

Upper Penitencia Creek Plan: Plan 49 

River = upper penitencia Reach = three RS = 145 
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Upper Penitencia Creek Plan: Plan 49 

River = upper penitencia Reach = three RS = 135 
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Elevation (ft) Elevation (ft) 


Upper Penitencia Creek Plan: Plan 49 
River = upper penitencia Reach = three RS = 134 



Upper Penitencia Creek Plan: Plan 49 


River = upper penitencia Reach = three RS = 108.5 76 inch Culvert at Mouth 
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Upper Penitencia Creek Plan: Plan 49 


River = upper penitencia Reach = three RS = 108.5 76 inch Culvert at Mouth 
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Upper Penitencia Creek Plan: Plan 49 
River = upper penitencia Reach = three RS = 83 
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)14;s = 0.003; Q = 2.8-yr, 
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HEC-RAS Plan: Plan 68 River: Bypass Channel Reach: One _ 
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Bypass Channel Alignment Plan: 1) Plan 68 
Geom: Single Box 28'x14' s=0.0Q15 n=0.014 
River = Bypass Channel Reach = One RS = 2500 


Bypass Channel Alignment Plan: 1) Plan 68 
Geom: Single Box 28'x14‘ s=0.0015 n=0.014 
River = Bypass Channel Reach = One RS = 2600 
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Bypass Channel Alignment Plan: 1) Plan 68 


Geom: Single Box 28'x14' s=0.0015 n=0.014 

River = Bypass Channel Reach = One RS = 2450 Start of Double Box, End of U-channel 
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Bypass Channel Alignment Plan: 1) Plan 68 
Geom: Single Box28'x14' s=0.0015 n=0.014 
River = Bypass Channel Reach = One RS = 2300 
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Bypass Channel Alignment Plan: 1) Plan 68 
Geom: Single Box 28'x14' s=0.0015 n=0.014 
River = Bypass Channel Reach = One RS = 2100 
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Bypass Channel Alignment Plan: 1) Plan 68 

Geom: Single Box 28'x14' s=0.0015 n=0.014 
River = Bypass Channel Reach = One RS = 1700 
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Bypass Channel Alignment Plan: 1) Plan 68 
Geom: Single Box28'x14' s=0.0015 n=0.014 
River = Bypass Channel Reach = One RS = 1900 



Bypass Channel Alignment Plan: 1) Plan 68 

Geom: Single Box 28'x14' s=0.0015 n=0.014 
River = Bypass Channel Reach = One RS = 1500 
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Bypass Channel Alignment Plan: 1) Plan 68 
Geom: Single Box28'x14' s=0.0015 n=0.014 
River = Bypass Channel Reach = One RS = 1325 
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Bypass Channel Alignment Plan: 1) Plan 68 

Geom: Single Box 28'x14' s=0.0015 n=0.014 
River = Bypass Channel Reach = One RS = 1100 
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Bypass Channel Alignment Plan: 1) Plan 68 
Geom: Single Box 28’x14' s=0.0015 n=0.014 
River = Bypass Channel Reach = One RS = 1250 
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Bypass Channel Alignment Plan: 1) Plan 68 

Geom: Single Box 28’x14’ s=0.0015 n=0.014 
River = Bypass Channel Reach = One RS = 900 
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Bypass Channel Alignment Plan: 1) Plan 68 
Geom: Single Box 28'x14' s=0.0015 n=0.014 
River = Bypass Channel Reach = One RS = 500 





































































Bypass Channel; Double Box; n = 0.014; s = 0.0015; Q = 2.8-yr, 

12.5-yr, 100-yr, and 500-yr 


HEC-RAS Plan: Plan 68 River: Bypass Channel Reach: One 
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Bypass Channel Alignment Plan: Plan 69 

River = Bypass Channel Reach = One RS = 2600 
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Bypass Channel Alignment Plan: Plan 69 

River = Bypass Channel Reach = One RS = 2500 
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Bypass Channel Alignment Plan: Plan 69 
River = Bypass Channel Reach = One RS = 2501 
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Bypass Channel Alignment Plan: Plan 69 

River = Bypass Channel Reach = One RS = 2450 
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Bypass Channel Alignment Plan: Plan 69 

River = Bypass Channel Reach = One RS = 1500 
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Bypass Channel Alignment Plan: Plan 69 

River = Bypass Channel Reach = One RS = 1250 
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Bypass Channel Alignment Plan: Plan 69 
River = Bypass Channel Reach = One RS = 1325 
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Bypass Channel Alignment Plan: Plan 69 
River = Bypass Channel Reach = One RS = 1100 
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Bypass Channel Alignment Plan: Plan 69 

River = Bypass Channel Reach = One RS = 900 
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Bypass Channel Alignment Plan: Plan 69 
River = Bypass Channel Reach = One RS = 500 
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Bypass Channel Alignment Plan: 1) Plan 68 
River = Bypass Channel Reach = One RS = 2100 
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HEC-RAS Plan: Plan 37 River: upper penitencia Reach: three (Continued 






























































































































HEC-RAS Plan: Plan 37 River: upper penitencia Reach: three (Continued 
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HEC-RAS Plan: Plan 37 River: u 
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HEC-RAS Plan: Plan 37 River: upper penitenc ia Reach: three (Continu ed) 
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Side Weir Hyd Analysis Supplement Plan: 1) Plan 44 

River = upper penitencia Reach = three RS = 5427 
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Side Weir Hyd Analysis Supplement Plan: 1) Plan 44 
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River = upper penitencia Reach = three RS = 5307 
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Side Weir Hyd Analysis Supplement Plan: 1) Plan 44 

River = upper penitencia Reach = three RS = 4923 
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Side Weir Hyd Analysis Supplement Plan: 1) Plan 44 

River = upper penitencia Reach = three RS = 4827 
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Side Weir Hyd Analysis Supplement Plan: 1) Plan 44 

River = upper penitencia Reach = three RS=4816 Private Road 
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Side Weir Hyd Analysis Supplement Plan: 1) Plan 44 

River = upper penitencia Reach = three RS=4816 Private Road 
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Side Weir Hyd Analysis Supplement Plan: 1) Plan 44 

River = upper penitencia Reach = three RS = 4804 
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Side Weir Hyd Analysis Supplement Plan: 1) Plan 44 

River = upper penitencia Reach = three RS = 4568 



0 50 100 150 200 250 300 

Station (ft) 

Side Weir Hyd Analysis Supplement Plan: 1) Plan 44 

River = upper penitencia Reach = three RS = 4525 
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Side Weir Hyd Analysis Supplement Plan: 1) Plan 44 

River = upper penitencia Reach = three RS = 4515 



Side Weir Hyd Analysis Supplement Plan: 1) Plan 44 

River = upper penitencia Reach = three RS = 4495 
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Side Weir Hyd Analysis Supplement Plan: 1) Plan 44 
River = upper penitencia Reach = three RS = 4505 
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Side Weir Hyd Analysis Supplement Plan: 1) Plan 44 

River = upper penitencia Reach = three RS = 4475 
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Side Weir Hyd Analysis Supplement Plan: 1) Plan 44 

River = upper penitencia Reach = three RS = 4435 
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Side Weir Hyd Analysis Supplement Plan: 1) Plan 44 

River = upper penitencia Reach = three RS = 4395 
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Side Weir Hyd Analysis Supplement Plan: 1) Plan 44 

River = upper penitencia Reach = three RS = 4355 
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Side Weir Hyd Analysis Supplement Plan: 1) Plan 44 

River = upper penitencia Reach = three RS = 4313 
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Side Weir Hyd Analysis Supplement Plan: 1) Plan 44 
River = upper penitencia Reach = three RS = 4265 
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Side Weir Hyd Analysis Supplement Plan: 1) Plan 44 

River = upper penitencia Reach = three RS = 4165 
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Side Weir Hyd Analysis Supplement Plan: 1) Plan 44 

River = upper penitencia Reach = three RS = 4125 
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Side Weir Hyd Analysis Supplement Plan: 1) Plan 44 

River = upper penitencia Reach = three RS = 3975 
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Side Weir Hyd Analysis Supplement Plan: 1) Plan 44 

River = upper penitencia Reach = three RS = 3935 
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Side Weir Hyd Analysis Supplement Plan: 1) Plan 44 
River = upper penitencia Reach = three RS = 3825 
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Side Weir Hyd Analysis Supplement Plan: 1) Plan 44 

River = upper penitencia Reach = three RS = 3755 
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Side Weir Hyd Analysis Supplement Plan: 1) Plan 44 
River = upper penitencia Reach = three RS = 2272 Private Crossing 
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HEC-RAS Plan: Plan 02 River: Bypass Reach: Bypass to Covote (Continued) 

Reach River Sta Q Total Min Ch El W.S. Elev CritW.S. _ E,G. Elev 

~ _ (cfs) (ft) _jft)_(ft)_ (ft) 
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Upper Pen. Drop Structures Plan: Plan 08 
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Upper Pen. Drop Structures Plan: Plan 08 
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Upper Pen. Drop Structures Plan: Plan 08 

River = Bypass Reach = Bypass to Coyote RS = 159.8 Bypass 
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Upper Pen. Drop Structures Plan: Plan 08 
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Upper Pen. Drop Structures Plan: Plan 08 

River = Bypass Reach = Bypass to Coyote RS = 127.7 Basin 
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HEC-RAS Plan: Plan 05 River Bypass Reach: Bypass to Coyote 


Reach 

Rive' Sta 
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. Min Ch El 

W.S.EIev 
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E.G. Elev 

E.G Slope 
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Froude # Chi 
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- 7 : (ft/ft) - 
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HEC-RAS Plan: Plan 05 River: Bypass Re ach : Bypass to Covote (Cor 
Reach I River Sta i Q Total | Min Ch El 1 W.S. Elev | CritW.S. 
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Upper Pen. Drop Structures Plan: Plan 09 
Geom: Drop Structure with Riprap Basin 
River = Bypass Reach = Bypass to Coyote RS = 159.8 Bypass 
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Upper Pen. Drop Structures Plan: Plan 09 
Geom: Drop Structure with Riprap Basin 
River = Bypass Reach = Bypass to Coyote RS = 152.7 Basin 
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Geom: Drop Structure with Riprap Basin 
River = Bypass Reach = Bypass to Coyote RS = 147.7 Basin 
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Upper Pen. Drop Structures Plan: Plan 09 
Geom: Drop Structure with Riprap Basin 
River = Bypass Reach = Bypass to Coyote RS = 127.7 Basin 


Upper Pen. Drop Structures Plan: Plan 09 
Geom: Drop Structure with Riprap Basin 
River = Bypass Reach = Bypass to Coyote RS = 132.7 Basin 
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Upper Pen. Drop Structures Plan: Plan 09 
Geom: Drop Structure with Riprap Basin 
River = Bypass Reach = Bypass to Coyote RS = 112.7 Basin 
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River = Bypass Reach = Bypass to Coyote RS = 108 End of Drop 


Station (ft) 


Elevation 




Ground 
Bank Sta 


Upper Pen. Drop Structures Plan: Plan 09 
Geom: Drop Structure with Riprap Basin 
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Geom: Drop Structure with Riprap Basin 
River = Bypass Reach = Bypass to Coyote RS = 106 End pof Drop 
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Upper Pen. Drop Structures Pian: Plan 09 

Geom: Drop Structure with Riprap Basin 
River = Bypass Reach = Bypass to Coyote RS = 104 End of Drop 
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